An Investigation of the Effects of Supralaryngeal Adjustments to Clarinet Tones. by Shinn, Wildon John
Louisiana State University
LSU Digital Commons
LSU Historical Dissertations and Theses Graduate School
1976
An Investigation of the Effects of Supralaryngeal
Adjustments to Clarinet Tones.
Wildon John Shinn
Louisiana State University and Agricultural & Mechanical College
Follow this and additional works at: https://digitalcommons.lsu.edu/gradschool_disstheses
Part of the Music Commons
This Dissertation is brought to you for free and open access by the Graduate School at LSU Digital Commons. It has been accepted for inclusion in
LSU Historical Dissertations and Theses by an authorized administrator of LSU Digital Commons. For more information, please contact
gradetd@lsu.edu.
Recommended Citation
Shinn, Wildon John, "An Investigation of the Effects of Supralaryngeal Adjustments to Clarinet Tones." (1976). LSU Historical
Dissertations and Theses. 8161.
https://digitalcommons.lsu.edu/gradschool_disstheses/8161
AN INVESTIGATION OF THE EFFECTS 
OF SUPRALARYNGEAL ADJUSTMENTS 
ON CLARINET TONES
A Monograph
S u b m i t t e d  t o  t h e  G r a d u a t e  F a c u l t y  o f  t h e  
L o u i s i a n a  S t a t e  U n i v e r s i t y  and 
A g r i c u l t u r a l  and M e c h a n ic a l  C o l l e g e  
in p a r t i a l  f u l f i l l m e n t  o f  t h e  
re q u i  rem ents  f o r  t h e  d e g r e e  o f  
D o c t o r  o f  M u s ic a l  A r t s
i n
The School o f  M u s ic
by
W i l d o n  John S h i n n ,  J r .
B . M . ,  L o u i s i a n a  S t a t e  U n i v e r s i t y ,  1956  




INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,




Published by ProQuest LLC (2015). Copyright in the Dissertation held by the Author.
Microform Edition © ProQuest LLC.
All rights reserved. This work is protected against 
unauthorized copying under Title 17, United States Code
uest
ProQuest LLC.
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106- 1346
MANUSCRIPT THESES 
Unpublished theses submitted for the Master’s and Doctor’s 
Degrees and deposited in the Louisiana State University Library 
are available for inspection. Use of any thesis is limited by 
the rights of the author. Bibliographical references may be 
noted, but passages may not be copied unless the author has 
given permission. Credit must be given in subsequent written 
or published work.
A Library which borrows this thesis for use by its clientele 
is expected to make sure that the borrower is aware of the above 
restrictions.
LOUISIANA STATE UNIVERSITY LIBRARY
ACKNOWLEDGMENTS
The w r i t e r  w is h e s  t o  e x p r e s s  h i s  a p p r e c i a t i o n  t o  Mr.  James 
Giammanco and M r .  Edmond W i n s t o n ,  whose e f f o r t s  made t h e  e x p e r i m e n t  
p o s s i b l e .  The w r i t e r  i s  a l s o  i n d e b t e d  t o  Mr .  Paul D i r k s m e y e r  f o r  
h i s  h e lp  in  t h e  f o r m u l a t i o n  o f  t h e  e x p e r i m e n t ,  t o  t h e  e x p e r i m e n t e r ' s  
w i f e ,  C l a i r e ,  f o r  h e r  a s s i s t a n c e  in  t h e  w r i t i n g  o f  t h e  p a p e r ,  and 
t o  t h e  p e o p l e  who p a r t i c i p a t e d  in  t h e  e x p e r i m e n t .
TABLE OF CONTENTS
ACKNOWLEDGMENTS   i i
L IS T  OF SPECTRAL G R A P H S ..........................    v
L IS T  OF TABLES .............................................................................   v i  i
L IS T  OF FIGURES  ................................................ v i  i i
ABSTRACT .......................................................................................................... ; ...............................  x
CHAPTER
I . INTRODUCTION .....................    . . . . . .  1
R e l a t e d  R e s e a rc h  .....................................................................................................  1
S y l l a b i c  Imagery  .....................................................................................................  5
Need f o r  S t u d y ..........................................................................................................  7
I I .  EXPERIMENTAL DESIGN AND PROCEDURE ................................................................  8
Q u a l i t y  Judgements . . .  ................................................................................ 8
N o te s  E x a m i n e d ..........................................................................................................  9
D e s c r i p t i o n  o f  S u b j e c t s  ...............................................................................  9
Two P a r t s  o f  E x p e r i m e n t  ...............................................................................  10
C o n t r o l  P ro c e d u r e s  ...............................................................................................  11
E x p e r i m e n t a l  P r o c e d u r e  ..................................................................................... 12
I I I .  THE S P E C T R A .........................................................................................................................  15
T o n a l  V a r i a b i l i t y  ...............................................................................................  15
R u in e d  Sam pl ings  ..................................................................................................... 17
Lowest  V a lu e s  Shown ..........................................................................................  17
O v e r a l l  Avera ge  S p e c t r a  ................................................................................ 40
i i i
CHAPTER
I n i t i a l  Comments on I n d i v i d u a l  S p e c t r a  .  ................................  *+1
Summary ..........................................................................................................................  **6
IV .  THE X-RAY TRACINGS ..................................................................................................... ^8
P r e l i m i n a r y  Remarks ..................................................................................... . 91
O ra l  C a v i t y  Com par ison  .....................................................................................  32
L a r y n g e a l  C a v i t y  C om par ison  .....................................................................  32
E p i g l o t t a l  C o n s t r i c t i o n  ................................................................................ 32
P o s s i b i l i t y  o f  O t h e r  C o n s t r i c t i o n  .....................................................  93
G e n e ra l  P a t t e r n  o f  A d j u s t m e n t  Changes ........................................... 9^
A t y p i c a l  A d ju s t m e n t  Changes ..................................................................... 9^
V. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS ..........................................  96
T h r e e  T h e o r i e s .......................................................................................................... 96
B a c k g r o u n d ....................................................................................................................  97
A i r  F low R e g u l a t i o n  T h e o r y ..........................................................................  99
C a v i t y  Resonance T h e o r y  ...............................................................................  100
T h r o a t  C o n s t r i c t i o n  T h e o ry  ..........................................................................  101
Summary o f  D a ta  R e g a r d in g  t h e  T h r e e  T h e o r i e s  ........................... 102
Summary o f  E x p e r i m e n t a l  F i n d i n g s  ..........................................................  103
S uggested  R e s ea rch    . . . .  104
BIBLIOGRAPHY ....................................................................................................................................  105
APPENDIX ............................................................................................................................................... 108
V ITA  ......................................................................................................................................................... 111
i v
L I S T  OF SPECTRAL GRAPHS
GRAPH
1 .  S u b j e c t  1 , F# ........................................................... * ...............................................  19
2 .  S u b j e c t  2 ,  F# .......................................................................................................  19
3 .  S u b j e c t  3 ,  F# .................................................    20
4 .  S u b j e c t  4 ,  F# ..................................................................................................................  20
5 .  S u b j e c t  5 ,  F# ................................................................................................................ . • 21
6 .  S u b j e c t  6 ,  F# ..................................................................................................................  21
7- S u b j e c t  7 ,  F# . . . . . . . . . . . . . . . . . . . . . .  22
8 .  S u b j e c t  8 ,  F# ..................................................................................................................  22
9 .  S u b j e c t  1 , A# ..................................................................................................................  23
10 .  S u b j e c t  2 ,  A# ..................................................................................................................  23
1 1 .  S u b j e c t  3 ,  A# ................................................................................................................  . 24
1 2 .  S u b j e c t  4 ,  A# ..................................................................................................................  24
13- S u b j e c t  5» A# .................................................................    25
1 4 .  S u b j e c t  6 ,  A# .................................................................................................................   25
1 5 .  S u b j e c t  7 ,  A# ..................................................................................................................  26
16 .  S u b j e c t  8 ,  A# ............................................     26
17 .  S u b j e c t  1 ,  C# ..................................................................................................................  27
1 8 .  S u b j e c t  2 ,  C# ................................................................................................................... 27
1 9 .  S u b j e c t  3 ,  C# ............................................................................................   28
2 0 .  S u b j e c t  4 ,  C# ..................................................................................................................  28
2 1 .  S u b j e c t  5 ,  C# ................................................................................................................... 29
v
GRAPH
2 2 .  S u b j e c t  6 , C# ....................................................................................................  29
2 3 .  S u b j e c t  7 ,  C# . . ....................................................................................................   3 0
2 4 .  S u b j e c t  8 , C# .........................................................................................   30
25 .  S u b j e c t  1 , F .......................................................................................................................  31
2 6 .  S u b j e c t  2 ,  F ........................................................................................................................ 31
2 7 .  S u b j e c t  3 * F ..........................................................    32
2 8 .  S u b j e c t  4 ,  F .......................................................................................................................  32
2 9 .  S u b j e c t  5 ,  F .......................................    33
3 0 .  S u b j e c t  6 , F ............................................................................................................  33
3 1 .  S u b j e c t  7 ,  F ........................................................................................................................ 3k
3 2 .  S u b j e c t  8 , F ............................................ .  . ............................   3k
3 3 .  S u b j e c t  1 , D  ...........................................................................................................  35
3k. S u b j e c t 2 , D .....................................................................................................................  35
3 5 .  S u b j e c t  3 ,  D .......................................................................................................................  36
3 6 . S u b j e c t  4 ,  D .......................................................................................................................  36
3 7 .  S u b j e c t  5 ,  D .......................................................................................................................  37
3 8 . S u b j e c t  6 ,  D  ................................................................................................................  37
3 9 -  S u b j e c t  7 ,  D .................................................................    38
*+0. S u b j e c t  8 ,  D ........................................................................................................................ 38
k \ . A v e r a g e  F # ............................................................................................................................ 4 0
kl. A v e r a g e  A # ...........................................................................................................................  4 2
4 3 -  A v e r a g e  C # ...........................................................................................................................  43
4 4 .  A v e r a g e  F .  .................................................................................................................  4 4
v i
L I S T  OF TABLES
TABLE
1 . Norm alized P i tc h  Leve ls
L I S T  OF FIGURES
FIGURE
1 .  S u b j e c t  1 , F# ................................................................................................................  4 9
2 .  S u b j e c t  2 ,  F# ....................................................................................................   50
3 .  S u b j e c t  3 ,  F# ................................................................................................ .....  51
4 .  S u b j e c t  4 ,  F# .........................................................................................................     52
5 .  S u b j e c t  5 ,  F# ....................................................................................................................   53
6 .  S u b j e c t  6 ,  F# ...............................................................    5 4
7 .  S u b j e c t  7 ,  F# .....................................................................................    55
8 .  S u b j e c t  8 ,  F# ...................................................................................................................... 5 6
9 .  S u b j e c t  1 , A#  ....................................................................................................   57
10 .  S u b j e c t  2 ,  A# ..........................................................................   58
1 1 .  S u b j e c t  3 ,  A# .....................................................................................................................  59
1 2 .  S u b j e c t  4 ,  A# .....................................................................................................................  60
1 3 .  S u b j e c t  5 ,  A# .....................................................................................................................  61
1 4 .  S u b j e c t  6 ,  A#  ..........................................................................................  62
1 5 .  S u b j e c t  7» A#    63
16 .  S u b j e c t  8 ,  A# ................................................  64
17 .  S u b j e c t  1 ,  C# ...................................................................................................................... 65
18 .  S u b j e c t  2 ,  C# ......................................................................................................................  6 6
1 9 .  S u b j e c t  3 ,  C# ......................................................................................................................  67
2 0. S u b j e c t  4 ,  C#  ................................................................................................................. 6 8
2 1 .  S u b j e c t  5 ,  C# ......................................................................................................................  6 9
vi  i i
FIGURE
2 2 .  S u b j e c t  6 ,  C# .................................................................................................................  70
2 3 .  S u b j e c t  7 ,  C# ............................................... .- . .........................................................  71
2 4 .  S u b j e c t  8 ,  C# .....................................................................................................   72
2 5 -  S u b j e c t  1 ,  F .........................................................................................  73
2 6 .  S u b j e c t  2 , F .................................................................  74
2 7 .  S u b j e c t  3 ,  F ...................................................................................   75
2 8 .  S u b j e c t  4 ,  F .........................................     78
2 9 .  S u b j e c t  5 ,  F - ....................................................................................     77
3 0 .  S u b j e c t  6 ,  F .........................................................................................    78
3 1 .  S u b j e c t  7 ,  F . ...............................................................................................  79
3 2 .  S u b j e c t  8 ,  F ....................................     80
3 3 .  S u b j e c t  1 ,  D ..........................................   81
3 4 .  S u b j e c t  2 ,  D .........................................................................................................................  8 2
3 5 .  S u b j e c t  3, D .......................................................................................................................... 83
3 6 .  S u b j e c t  4 ,  D .........................................................................................................................  8 4
3 7 .  S u b j e c t  5 , 0 .......................................   85
3 8 . S u b j e c t  6 ,  D ....................................................................     8 6
3 9 .  S u b j e c t  7 ,  D .......................................................................................................................... 87
4 0 .  S u b j e c t  8 ,  D  ..........................................................................................  88
4 1 .  S i d e  V iew  o f  A n a t o m ic a l  F e a t u r e s .......................................   89
4 2 .  The  E p i g l o t t i s  and T h y r o i d ............................................................................... 90
4 3 .  The  H y o id  B o n e ......................................................   91
i x
ABSTRACT
I t  has long  been known in  t h e  c l a r i n e t  p r o f e s s i o n  t h a t  d i f f e r e n t  
p l a y e r s ,  u s in g  t h e  e x a c t  same i n s t r u m e n t ,  can p ro d u c e  m a rk e d ly  d i f f e r e n t  
t o n e s .  Many t e a c h e r s  o f  t h e  i n s t r u m e n t  have advanced t h e i r  t h e o r i e s  
r e g a r d i n g  t h e  phenomenon. A l s o ,  a f a i r  amount o f  r e s e a r c h  has been 
c o n d u c te d  in  r e l a t e d  a r e a s .
Some c l a r i n e t i s t s  and r e s e a r c h e r s  c l a i m  t h a t  t h e  a i r  p assage­
way ,  t h e  o r a l  c a v i t y ,  t h r o a t ,  and even t r a c h e a  have an e f f e c t  on th e  
t i m b r e  and p i t c h  o f  c l a r i n e t  t o n e s .  They f u r t h e r  s t a t e  t h a t  to n e  (and  
p i t c h )  can be a l t e r e d  by c h a n g in g  t h e  a d j u s t m e n t  o r  p o s i t i o n  o f  th e  
movable  a n a t o m ic a l  p a r t s  o f  t h e  mouth and t h r o a t .  O th e r  r e s e a r c h e r s  
c l a i m  t h a t  i n t e r i o r  a d j u s t m e n t s  have no e f f e c t  on to n e  o r  p i t c h .
T h i s  e x p e r i m e n t  sought  some f u r t h e r  i n s i g h t s  i n t o  th e  q u e s t i o n  
o f  t h e  p o s s i b l e  e f f e c t  o f  o r a l  and p h a r y n g e a l  f o r m a t i o n s  on c l a r i n e t  
t o n e s .  The method employed was t o  o b t a i n  a c c u r a t e  s p e c t r a l  a n a ly s e s  
o f  f i v e  to n e s  blown by e i g h t  p l a y e r s  and t o  make X - r a y  photo graphs  
o f  t h e  p l a y e r s '  e n t i r e  o r a l  and p h a r y n g e a l  r e g io n s  w h i l e  th e y  were  
b lo w in g  t h e  t o n e s .  Comparisons w e re  th e n  made. The s p e c t r a l  a n a ly s e s  
and t h e  X - r a y  p l a t e s  w e re  compared w i t h  each o t h e r ,  and c e r t a i n  c h a r a c ­
t e r i s t i c s  o f  t h e  t o n a l  s p e c t r a  were  compared w i t h  t h e  X - r a y s .  The  
e i g h t  s u b j e c t s  in  t h e  e x p e r i m e n t  ranged in  a b i l i t y  f rom  one am ateur  on 
t h e  i n s t r u m e n t  t o  m a t u r e ,  a c c o m p l is h e d  c l a r i n e t i s t s .
The s p e c t r a  were  o b t a i n e d  by a p r o c e s s  i n v o l v i n g  F o u r r i e r
x
A n a l y s i s .  A l l  p h y s i c a l  v a r i a b l e s  were  c o n t r o l l e d  as c l o s e l y  as i s  
p o s s i b l e  w i t h  human p l a y e r s .  A l l  s u b j e c t s  d i s p l a y e d  c o n s i d e r a b l e  
v a r i a n c e  in  t h e  r e l a t i v e  s t r e n g t h s  o f  t h e i r  v a r i o u s  p a r t i a l s  o v e r  
t h e  d u r a t i o n s  o f  t h e i r  t o n e s .
The d a t a  g a t h e r e d  c a s t  c o n s i d e r a b l e  doubt  t h a t  t h e  o r a l  o r  
l a r y n g e a l  c a v i t i e s  have  an a u d i b l e  e f f e c t  on t o n a l  s p e c t r u m .  I t  
was d i s c o v e r e d  in  t h e  e x p e r i m e n t  t h a t  t h e  t h r e e  c l a r i n e t i s t s  w i t h  - 
t h e  most t r a i n i n g  and e x p e r i e n c e  formed a c o n s t r i c t i o n  in t h e  t h r o a t  
w i t h  t h e  e p i g l o t t i s .  S e v e r a l  o t h e r  s u b j e c t s  a p p e a r e d  t o  n a r r o w  t h e i r  
t h r o a t  pas s a g e s  w i t h  t h e  r o o t s  o f  t h e i r  to ngues  and p o s s i b l y  o t h e r  
m u s c u l a t u r e .  T h i s  a c t i o n  would  a p p e a r  t o  f u n c t i o n  as a r e g u l a t o r  o f  
a i r  f l o w  o r  p r e s s u r e ,  b u t  t h e  d im en s io n s  o f  t h e  c o n s t r i c t i o n  were  
s e v e r a l  t i m e s  l a r g e r  th a n  t h e  e f f e c t i v e  reed  o p e n in g  a t  t h e  m o u th p ie c e .
F i n a l l y ,  t h e r e  is  a s u g g e s t io n  o f  a r e l a t i o n  betw een t h r o a t  
c o n s t r i c t i o n  and t o n a l  b r i l l i a n c e ,  but  t h e  e v i d e n c e  is  i n c o n c 1 u s i v e .
CHAPTER I 
INTRODUCTION
T h i s  e x p e r i m e n t  s o u g h t  some i n s i g h t s  i n t o  a q u e s t i o n  w h ic h  f o r  a 
lo n g  t i m e  has i n t r i g u e d  c l a r i n e t i s t s  and a c o u s t i c i a n s :  How do d i f f e r ­
e n t  p l a y e r s ,  u s i n g  t h e  e x a c t  same i n s t r u m e n t ,  p roduce  m a r k e d l y  d i f f e r ­
e n t  to n e s ?  Many t e a c h e r s  o f  t h e  i n s t r u m e n t  have advanced t h e i r  t h e o r i e s  
r e g a r d i n g  t h e  phenomenon. T h e r e  has a l s o  been a f a i r  amount o f  o b j e c ­
t i v e  r e s e a r c h  i n t o  two a r e a s  t h a t  a r e  a t  l e a s t  r e l a t e d  t o  i t .  Some o f  
t h i s  t h o u g h t  and i n q u i r y  has c e n t e r e d  on t h e  f o r m a t i o n  o f  t h e  em bouchure .  
A f a r  g r e a t e r  amount o f  r e s e a r c h  has been d i r e c t e d  to w a rd  t h e  a d j u s t m e n t  
o f  t h e  to n g u e  and t h e  o t h e r  a n a t o m ic a l  p a r t s  w h ich  form  t h e  a i r  p a s s a g e ­
way ,  a lo n g  w i t h  t h e  supposed a c o u s t i c a l  o c c u r r e n c e s  in  t h a t  passa gew a y .  
T h i s  s t u d y  e x p l o r e d  t h e  second a r e a ,  o r a l  and p h a r y n g e a l  a d j u s t m e n t s .
R e l a t e d  r e s e a r c h
Those who have  s t u d i e d  t h e  mouth and t h r o a t  a r e a s ,  d i r e c t l y  o r  
i n d i r e c t l y ,  a r e  d i v i d e d  in  t h e i r  v ie w s  as t o  t h e  e f f e c t  o f  i n t e r i o r  a d ­
j u s t m e n t s  upon t h e  t o n e  and p i t c h  o f  t h e  c l a r i n e t .  The m a j o r i t y  c l a i m  
t h a t  tongu e  and t h r o a t  a d j u s t m e n t s  do have  an e f f e c t ,  a l t h o u g h  few in  
t h i s  group c l a i m  t o  know how t h e  a d j u s t m e n t s  produce  t h e  e f f e c t .  In  
t h e  o t h e r  g r o u p ,  s e v e r a l  p r o m in e n t  r e s e a r c h e r s  say t h a t  i n t e r i o r  a d j u s t ­
ments have  no e f f e c t  upon to n e  o r  p i t c h .  Some o f  th e  i n d i v i d u a l s  who 
have  propounded  e i t h e r  v i e w ,  and s t a t e m e n t s  o f  t h e s e  i n d i v i d u a l s ,  a r e  
l i s t e d  in  t h e  p a r a g r a p h s  w h ic h  f o l l o w .
2
R e d f i e l d , ^  in  193**,  d e t e c t e d  v i b r a t i o n s  in  a c l a r i n e t i s t ' s  neck  
t h a t  w ere  s i m i l a r  t o  t h o s e  in  t h e  a tm o s p h e re  s u r r o u n d i n g  t h e  i n s t r u m e n t .  
He used a s t e t h o s c o p e  in  h i s  e x a m i n a t i o n s  and c o n c l u d e d  t h a t ,  " . . .  
t h e  i n f l u e n c e  o f  t h e  n a t u r a l  r e s o n a n t  f r e q u e n c y  o f  t h e  p l a y e r ' s  r e s p i r a ­
t o r y  t r a c t  . . . c o u l d  . . .  a f f e c t  t h e  r e l a t i v e  a m p l i t u d e s  o f  t h e  p a r ­
t i a l s  in  c l a r i n e t  p l a y i n g . "
S t a u f f e r ,  in  195**,  s t a t e d  t h i s  same v ie w  more s t r o n g l y :
I t  i s  t h i s  f l u c t u a t i o n  o f  t h e  a i r  medium (u n d e r  s l i g h t  
p r e s s u r e )  in  t h e  a u r a l  ( s i c )  c a v i t y  t h a t  e x p e r i m e n t e r s  have  
e i t h e r  ig n o r e d  c o m p l e t e l y  o r  w r i t t e n  o f f  as n e g l i g i b l e .  I t  i s  
e a s i l y  d i s c e r n a b l e  how t h e  p r e s s u r e  o f  a i r  e x e r t e d  by t h e  
p l a y e r  would  fo rm  a p o i n t  o f  c o n d e n s a t i o n  o u t s i d e  t h e  m o u th p ie c e  
when t h e  c l o s i n g  o f  t h e  re e d  w ould  h o ld  back  t h e  i n e r t a n c e  o f  
t h e  a i r .  T h i s  c o n d e n s a t i o n  a t  t h e  f r o n t  o f  t h e  p l a y e r ' s  mouth  
w i l l  r e f l e c t  b ackw ard s  ( a i r  b e in g  an e l a s t i c  m e d iu m ) ,  p e rh a p s  
as f a r  as t h e  b r o n c h i a l  t u b e s  in t h e  c h e s t  c a v i t y .  , . . T h e r e  
w i l l  be a f l u c t u a t i o n  o f  p r e s s u r e ,  th e n  f ro m  a f o r w a r d  p o i n t  
in  th e  mouth t o  an unknown p o i n t  in  t h e  p e r f o r m e r ' s  lu n g s ,  
d e p en d in g  p e r h a p s  on t h e  t o t a l  p r e s s u r e  e n e r g y  t h a t  i s  b e in g  
d e l i v e r e d  and upon t h e  s t a t e  o f  i n f l a t i o n  o f  t h e  lu n g s .  T h i s  
volume o f  t h e  r e s p i r a t o r y  t r a c t  can be r e g u l a t e d  by moving t h e  
to ngu e  up and down, c o m p r e s s in g  t h e  c h e e k s ,  c o n s t r i c t i n g  t h e  
t h r o a t ,  e t c .  I t  i s  n o t  c l e a r  j u s t  w hat  d e g r e e  o f  i n f l u e n c e  t h e  
r e l a t i v e  i n f l a t i o n  o f  t h e  lu n g s  would  have  on t h e  e f f e c t i v e  
volume o f  t h e  r e s p i r a t o r y  t r a c t  f o r  t h i s  p u r p o s e .  . . .
The F re n ch  a c o u s t i c i a n ,  H o uv enagh e l^  a l s o  c l a i m e d  t h a t  sound  
waves r e f l e c t  downward and upward t h r o u g h  t h e  r e s p i r a t o r y  t r a c t :
.  . . T h i s  i s  why t h e  s i z e  and shape o f  t h e  mouth and
t h r o a t  c a v i t y  a r e  so i m p o r t a n t  in  h e l p i n g  t o  p ro d u c e  t h e  r i g h t  
i n t o n a t i o n  and t i m b r e ,  and why s l i g h t  v a r i a t i o n s  in  s i z e  and 
shape can p ro d u c e  such marked changes in p i t c h  and t i m b r e .
^John R e d f i e l d ,  " C e r t a i n  A n o m a l ie s  in  t h e  T h e o r y  o f  A i r  Column 
B e h a v i o r  in  O r c h e s t r a l  Wind I n s t r u m e n t s , "  The J o u r n a l  o f  t h e  A c o u s t i c a l  
S o c i e t y  o f  A m e r i c a , 6 ,  Ho.  1 ( J u l y ,  1 9 3 * 0 ,  35-
^Donald  W. S t a u f f e r ,  I n t o n a t i o n  D e f i c i e n c i e s  o f  Wind I n s t r u m e n t s  
j n E n s e m b  1 e (W as h in g to n :  C a t h o l i c  U n i v e r s i t y  o f  A m e r ic a  P r e s s ,  1 9 5 * 0 ,  
p p .  32.-3*+.
^ C h a r le s  H o u v e n a g h e l , D r a m a t i c  R e s u l t s  o f  LeB lanc  R e s e a r c h  in  
C l a r i n e t  A c o u s t i c s ,  (K e n o s h a ,  W i s c o n s i n :  G. Le B la n c  C o r p . ,  n . d . ) ,  p.  8 .
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A re y ^  and S e l m e r ^  have e x p r e s s e d  s i m i l a r  v ie w s ,  and a r e  a l s o  
s t r o n g  p r o p o n e n t s  o f  u s in g  c e r t a i n  vowel f o r m a t i o n s  in p l a y i n g .
The v ie w  t h a t  sound p r e s s u r e  waves r e f l e c t  upward from th e  low er  
r e s p i r a t o r y  t r a c t ,  h o w ever ,  a p p ea rs  t o  o v e r l o o k  the  anatomy o f  t h a t  
r e g i o n .  The b ro n c h i  d i v i d e  i n t o  a g r e a t  number o f  i n c r e a s i n g l y  s m a l l e r  
tu b e s  w h ich  e v e n t u a l l y  t e r m i n a t e  in  v e r y  smal l  and s o f t  a i r  sacs .  I t  
would  seem t h a t  p r e s s u r e  waves would  be d i f f u s e d  and a bsorbed .
The two r e s e a r c h e r s  who have d e a l t  most d i r e c t l y  w i t h  t h e  sub­
j e c t  o f  s u p r a 1 a r y n g e a 1 a d j u s t m e n t s  a r e  A n f i n s o n , ^ in 1965 ,  and M o o n e y , 7 
in 1968 .  Both men X - r a y e d  t h e  o r a l  c a v i t y  w h i l e  t h e  c l a r i n e t  was b e in g  
b low n,  and found a c o n s i s t e n t  p a t t e r n  o f  changes in tongue a d ju s t m e n t  
f o r  changes in  range o r  r e g i s t e r  among s u b j e c t s  who p la y e d  t h e  c l a r i n e t  
a d e q u a t e l y .  A n f in s o n  used c i n e f 1u o ro g ra p h y  t o  o b s erv e  tongue a c t i o n  in 
s i n g l e - n o t e  s t a c c a t o  a t  v a r y i n g  r a t e s ,  in  s t a c c a t o  and l e g a t o  a r p e g g i o s ,  
and In w i d e - s l u r r e d  l e a p s .  He made no s p e c t r a l  a n a ly s e s  o r  m easure­
ments o f  p i t c h ,  and h i s  a p p a r a t u s  a l l o w e d  him t o  v ie w  o n ly  a c i r c u l a r  
a r e a  f i v e  inc hes  in d i a m e t e r .  Mooney made X - r a y  p l a t e s  o f  h is  s u b j e c t s  
p r i m a r i l y  t o  o b s e r v e  a c c u r a t e l y  t h e i r  embouchure and lower  t e e t h  fo r m a ­
t i o n s .  The b u l k  o f  h i s  e x p e r i m e n t a l  work  was done w i t h  a mechan ica l
^Rufus M. A r e y ,  "Tone  and T u n e , "  The C l a r i n e t , 1 ,  No. 1 ( S p r in g  
1 9 5 0 ) ,  5 .
^ A le x a n d e r  S e lm e r ,  I n s t r u c t i v e  T a l k s  to  C l a r i n e t i s t s , ( E l k h a r t ,  
I n d i a n a ;  H. & A. S e lm e r ,  I n c . ,  1 9 5 2 ) ,  p.  7-
^R. E.  A n f i n s o n ,  "A C i n e f 1u o r o g r a p h i c  I n v e s t i g a t i o n  o f  
Supra  1 a r y n g e a 1 A d ju s t m e n t s  in S e l e c t e d  C l a r i n e t  P l a y i n g  T e c h n iq u e s "  
( u n p u b l i s h e d  P h .D .  d i s s e r t a t i o n ,  S t a t e  U n i v e r s i t y  o f  Iowa,  1 9 6 5 ) .
7 j .  E.  Mooney,  "The  E f f e c t  o f  t h e  O ra l  C a v i t y  on th e  Tone 
Q u a l i t y  o f  t h e  C l a r i n e t "  ( u n p u b l i s h e d  Ph .D .  d i s s e r t a t i o n ,  Brigham  
Young U n i v e r s i t y ,  1 9 6 8 ) .
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b l o w i n g  c h am b e r .  He t r i e d  t o  d u p l i c a t e  w i t h  t h e  chamber  t h e  s p e c t r a  
o f  t h e  low G t h a t  e ac h  o f  h i s  e i g h t  s u b j e c t s  had b lo w n .  The chamber  
i t s e l f  was f a i r l y  l a r g e ,  p e rh a p s  a h a l f  c u b i c  f o o t .  Mooney d i s c o v e r e d  
t h a t  when an o b j e c t  was p l a c e d  in  t h e  b l o w in g  chamber be tw een  t h e  mouth­
p i e c e  and t h e  a i r  s u p p ly  p o r t ,  t h e  to n e  p r o d u c e d  by t h e  c l a r i n e t  c hang ed .  
T h i s  change  in  t h e  t o n a l  s p e c t ru m  made i t  more  l i k e  t h e  to n e s  t h e  sub­
j e c t s  b l e w .  S p e c i f i c a l l y ,  t h e  s o f t  o b j e c t  in  f r o n t  o f  th e  m o u th p ie c e  
c o n s i s t e n t l y  s t r e n g t h e n e d  even numbered p a r t i a l s  by s e v e r a l  db ( d e c i ­
b e l s )  and w eak en ed  t h e  o v e r l y  s t r o n g  f i f t h  p a r t i a l  by as much as 11 db.  
S e v e r a l  c o m b i n a t i o n s  o f  a i r  p r e s s u r e  and "e m b o u c h u re "  a d j u s t m e n t s  were  
t e s t e d  w i t h  t h e  o b j e c t  in  p l a c e .  Mooney and A n f i n s o n  bo th  o b s erv e d  a 
s i m i l a r  p a t t e r n  o f  changes  o f  tongue  a d j u s t m e n t  f o r  changes in  r e g i s t e r .  
Over t h e  e n t i r e  low r e g i s t e r ,  t h e y  found  v e r y  l i t t l e  change in  a d j u s t ­
m e n t ,  b u t  in  t h e  second and t h i r d  r e g i s t e r s  t h e  to n g u e  moves f o r w a r d  
and upward .  T h i s  movement r e s u l t e d  in  a more open p a ssage  b e h in d  t h e  
t o n g u e ' s  d o rs um .  f ro m  t h i s  o b s e r v a t i o n  and f ro m  t h e  r e s u l t s  o b t a i n e d  
w i t h  h i s  m e c h a n i c a l  b lo w in g  cham ber ,  Mooney c o n c l u d e d  t h a t  t h e  o r a l  
c a v i t y  does have  some e f f e c t  on t o n a l  s p e c t r u m .  He s t a t e d  t h a t  he d i d  
n o t  know how t h e  e f f e c t  was p r o d u c e d ,  b u t  he s u g g e s te d  t h a t  i t  m ig h t
be due t o  a chang e  in  t h e  d i r e c t i o n  o f  t h e  a i r  s t r e a m  a t  t h e  r e e d .
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H ow ever ,  t h e  w in d  i n s t r u m e n t  a c o u s t i c i a n ,  A r t h u r  Benade has s t a t e d  
t h a t  a i r  d i r e c t i o n  a t  t h e  reed makes no d i f f e r e n c e  w h a t s o e v e r .
The o p p o s in g  v ie w  r e g a r d i n g  t h e  p o s s i b l e  e f f e c t  o f  t h e  r e s p i r a t o r y
p
° A r t h u r  Benade in  t e l e p h o n e  c o n v e r s a t i o n  w i t h  t h e  w r i t e r .
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t r a c t  on t o n e  was a r r i v e d  a t  by P a r k e r ^  in  19^7 .  In a s t u d y  in  w h ich  he 
a n a l y z e d  t h e  s p e c t r a  o f  wooden and m e t a l  c l a r i n e t s ,  he used f o u r  d i f f e r ­
e n t  shapes  and s i z e s  o f  a r t i f i c i a l  r e s p i r a t o r y  t r a c t s .  He c o n c lu d e d  
t h a t  t h e  t o n e  q u a l i t y  o f  t h e  i n s t r u m e n t  was a f f e c t e d  by c e r t a i n  o t h e r  
f a c t o r s ,  b u t  n o t  a p p r e c i a b l y  by t h e  a i r  passageway.
B a c k u s , ^  u s i n g  e q u ip m e n t  a b i t  more advanced  th a n  R e d f i e l d ' s ,  
made t h i s  s t a t e m e n t  in  1961:
I f  t h e  m ic ro p h o n e  i s  i n s e r t e d  in  t h e  b lo w in g  chamber  
when t h e  c l a r i n e t  i s  s o u n d in g ,  a i r  p r e s s u r e  v i b r a t i o n s  a r e  
measured w h ic h  a r e  a b o u t  30 db b e low  t h o s e  in  t h e  c l a r i n e t  
m o u t h p i e c e .  When t h e  c l a r i n e t  i s  p l a y e d  in  t h e  u s u a l  m anner ,  
a i r  p r e s s u r e  v i b r a t i o n s  i n  t h e  mouth c a v i t y  measured w i t h  t h e  
m ic ro p h o n e  a r e  some 2 0 -2 5  db b e lo w  th o s e  in  t h e  m o u t h p ie c e .
T h i s  i n d i c a t e s  t h a t  t h e  s i z e  and shape o f  t h e  b lo w in g  chamber  
o r  r e s p i r a t o r y  t r a c t  and mouth a r e  o f  no i m p o r t a n c e  in  t o n e  
p r o d u c t i o n  in  t h e  c l a r i n e t ,  in  a g re e m e n t  w i t h  P a r k e r  and  
c o n t r a r y  t o  t h e  o p i n i o n  o f  many c l a r i n e t i s t s .
I t  i s  o b v i o u s  t h a t  t h e r e  is  a c l e a r  d is a g r e e m e n t  as t o  th e  
e f f e c t  o f  t o n g u e  and t h r o a t  a d j u s t m e n t s ,  even though s t a t e m e n t s  made 
by some i n d i v i d u a l s  a r e  s u p p o r t e d  by t h e i r  o b s e r v a t i o n s  o f  t h e i r  d a t a .
I t  i s  a l s o  o b v i o u s  t h a t  t h e r e  has n o t  been a g r e a t  amount o f  r e s e a r c h  
p r i m a r i l y  c o n c e r n e d  w i t h  t h e  p o s s i b l e  e f f e c t  o f  p h y s i c a l  a d j u s t m e n t s  
in  t h e  mouth and t h r o a t  upon t h e  t o n e  q u a l i t y  o f  t h e  c l a r i n e t .
S y l l a b i c  im ag e ry
A number o f  e a r l i e r  t e a c h e r s  and e x p e r i m e n t e r s  a d v o c a t e d  th e  
f o r m in g  o f  c e r t a i n  s y l l a b l e s  o r  vow els  w h i l e  p l a y i n g .  T h i s  p r a c t i c e  
needs comment.  P a r t  o f  vowel f o r m a t i o n  c o n s i s t s  o f  a d j u s t i n g
^Sam E. P a r k e r ,  " A n a ly s e s  o f  Tones o f  Wooden and M e ta l  C l a r i ­
n e t s , "  The  J o u r n a l  o f  t h e  A c o u s t i c a l  S o c i e t y  o f  A m e r i c a , 1 9 ,  No.  3 
(May,  1 9 ^ 7 ) ,  ^ 1 7 -
^°John  B ackus ,  " V i b r a t i o n s  o f  t h e  Reed and A i r  Column in  t h e  
C l a r i n e t , "  The J o u r n a l  o f  t h e  Acoust i c a l  S o c i e t y  o f  A m e r i c a , 3 3 ,  No.  
6 ( J u n e ,  1 9 6 1 ) ,  8 0 8 .
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t h e  l i p  o p e n i n g ,  t h e r e f o r e  a change  in  vowel w h i l e  p l a y i n g  can r e s u l t  
i n  a change in  em b o u ch u re .  For i n s t a n c e ,  when we fo rm  an " o "  o r  an 
Mi we s e t  o u r  l i p s  in  c e r t a i n  ways; o t h e r w i s e ,  t h e  vowel sound would  
be a l t e r e d .  T h i s  ch an g e  in  embouchure m ig h t  have  an a p p r e c i a b l e  e f f e c t  
on t o n a l  s p e c t r u m ,  b u t  a r e s e a r c h e r  who is  n o t  c a r e f u l  m ig h t  a t t r i b u t e  
t h e  e f f e c t  t o  an i n t e r n a l  c h a n g e .  On t h e  i n t r i c a t e  a r t i f i c i a l  embou­
c h u r e  Mooney c o n s t r u c t e d  f o r  h i s  b lo w in g  cham ber ,  he c o u l d  v a r y  t h e  
l i p  p r e s s u r e  on t h e  s i d e s  o f  t h e  r e e d .  He was a b l e  t o  q u a n t i f y  t h e  
e f f e c t  o f  s i d e  p r e s s u r e  v a r i a t i o n  a l o n e ,  and i t s  i n t e r a c t i o n  w i t h  o t h e r  
v a r i a b l e s  such as a i r  p r e s s u r e  and t h e  amount o f  reed  c o v e r e d  by t h e  
a r t i f i c i a l  l i p .
Forming d i f f e r e n t  s y a l l a b l e s  w h i l e  p l a y i n g  is  much more d i f f i c u l t  
th a n  some m i g h t  im a g i n e .  H a l l , ^  H i i g e l , ^  and M e i d t ^  have done r e ­
s e a r c h  i n t o  t h e  use  o f  s y l l a b l e s  in  p l a y i n g  b ra ss  i n s t r u m e n t s ,  and t h e y  
have found by means o f  X - r a y s  t h a t  some b rass  i n s t r u m e n t  p l a y e r s  have  
a m is t a k e n  id e a  o f  t h e i r  own o r a l  a d j u s t m e n t s .  In some c a s e s ,  t h i s  has 
l e d  such b r a s s  i n s t r u m e n t  p l a y e r s  t o  u rg e  t h e i r  s t u d e n t s  t o  make a d j u s t ­
ments t h e y  do n o t / u s e  t h e m s e l v e s .  (The change o f  o r a l  c a v i t y  shape f o r  
chang e  o f  r e g i s t e r  on t h e  b r a s s e s  seems t o  be les s  s im p l e  th a n  on t h e
^ J .  C.  H a l l ,  "A R a d i o g r a p h i c ,  Spec t  rog raph i c and P h o t o g r a p h i c  
S tu d y  o f  N o n - L a b i a l  P h y s i c a l  Changes w h ich  Occur in  t h e  T r a n s i t i o n  f rom  
M i d d l e  t o  Low and M i d d l e  t o  H igh  R e g i s t e r s  D u r in g  Trumpet  P e r f o r m a n c e ”  
( u n p u b l i s h e d  P h .D .  d i s s e r t a t i o n ,  In d i a n a  U n i v e r s i t y ,  1 9 5 * 0 .
^ L .  E. H i i g e l ,  "T h e  R e l a t i o n s h i p  o f  S y l l a b l e s  t o  P i t c h  and 
T o n g u in g  in  Bra ss  I n s t r u m e n t  P l a y i n g "  (u n p u b l i s h e d  E d .D .  d i s s e r t a t i o n ,  
U n i v e r s i t y  o f  C a l i f o r n i a ,  Los A n g e l e s ,  1 9 & 7 ) .
j . A .  M e i d t ,  "A C i n e f 1u o r o g r a p h i c  I n v e s t i g a t i o n  o f  O ra l  
A d j u s t m e n t s  f o r  V a r i o u s  A s p e c t s  o f  Brass In s t r u m e n t  P e r f o r m a n c e "  
( u n p u b l i s h e d  P h .D .  d i s s e r t a t i o n ,  S t a t e  U n i v e r s i t y  o f  Iowa,  1 9 & 7 ) -
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c 1 a r i n e t . )
I t  s h o u ld  be n o t e d  t h a t  any o f  t h e  s e n s a t i o n s  a c l a r i n e t i s t  has  
in  h i s  o r a l  and p h a r y n g e a l  a r e a s  can be i l l u s o r y .  As a p r im e  exam ple  
o f  t h i s ,  when a p e r s o n ' s  t h r o a t  m usc les  a r e  f a i r l y  r e l a x e d ,  t h e  t h r o a t  
f e e l s  open. S i n c e  t e a c h e r s  do n o t  want a s t u d e n t  t o  lo o k  o r  sound 
s t r a i n e d ,  t h e y  u s u a l l y  t e l l  t h e  s t u d e n t  t o  " p l a y  w i t h  an open t h r o a t . "
I t  w i l l  be seen t h a t  among t h e  most advanced p l a y e r s  in t h i s  e x p e r i m e n t ,  
n o t  one p l a y e d  w i t h  an open t h r o a t .
Need f o r  s tu d y
The t e a c h e r  o f  an i n s t r u m e n t  s h o u ld  a t  t h e  v e r y  l e a s t  no t  i m p a r t  
i n c o r r e c t  i n f o r m a t i o n .  Beyond t h i s  is  t h e  need f o r  a d d i t i o n a l  i n s i g h t s  
i n t o  t h e  many p ro b le m s  o f  s u p r a l a r y n g e l  a d j u s t m e n t s  w h ic h  a t e a c h e r  
e n c o u n t e r s  in  h i s  s t u d e n t s .  For th e s e  reas o n s  t h e r e  is  a need f o r  
more d e f i n i t e  k n o w le d g e  a b o u t  t h e  p o s s i b l e  e f f e c t  o f  th e  a i r  p a s s a g e ­
way f o r m a t i o n  on t h e  c l a r i n e t  t o n e .
CHAPTER I I 
EXPERIMENTAL DESIGN AND PROCEDURE
T h i s  s t u d y  is  in  e ss e n c e  a c o n t i n u a t i o n  o f  some o f  t h e  e a r l i e r  
s t u d i e s ,  e s p e c i a l l y  M o o n e y 's .  I t  i s  a n o t h e r  p a r t  o f  t h e  e f f o r t  t o  l e a r n  
why d i f f e r e n t  c l a r i n e t i s t s  p ro d u c e  to n e s  o f  d i f f e r e n t  t i m b r e .  S p e c i f i ­
c a l l y ,  i t  seeks  a c o r r e l a t i o n  be tween  some a s p e c t  o f  t h e  p l a y e r ' s  i n ­
t e r n a l  p h y s i c a l  a d j u s t m e n t  and h i s  t o n a l  s p e c t r u m .  The b a s i c  p l a n  o f  
t h e  s t u d y  was t o  a n a l y z e  to n e s  blown by e i g h t  s u b j e c t s  and t o  s tu d y  t h e  
o r a l  and p h a r y n g e a l  a d j u s t m e n t s  t h e  s u b j e c t s  made w h i l e  b 1o w i n g - t h e s e  
t o n e s .
The scope o f  t h e  s tu d y  is  n a r r o w e r  th a n  some because i t  d i d  n o t  
i n v e s t i g a t e  to n g u e  a c t i o n s  o r  a d j u s t m e n t  c h a n g e s .  R a t h e r ,  i t  i n v e s t i ­
g a t e d  t h e  a d j u s t m e n t s  th e m s e lv e s  in  s t e a d y  t o n e s .  For t h i s  re a s o n ,  c i n e -  
f l u o r o g r a p h y  was n o t  n e c e s s a r y .  The  use o f  X - r a y  p l a t e s  a l l o w s  th e  
e n t i r e  passageway down t o  th e  voca l  f o l d s  t o  be p h o to g rap h e d  in s id e  
v i  ew.
Q u a l i t y  judgments
Judgments  o f  t h e  r e l a t i v e  m e r i t s  o r  " q u a l i t y "  o f  t h e  v a r i o u s  
s u b j e c t s '  t o n a l  s p e c t r a  w i l l  be a v o i d e d  in  t h e  p a p e r  as f a r  as p o s s i b l e .  
I t  i s  not  t h e  p u rp o s e  o f  t h i s  tu d y  t o  e n t e r  such a s u b j e c t i v e  a r e a .
Some k in d s  o f  comment w i l l  be n e c e s s a r y ,  o f  c o u r s e .  I t  w i l l  be p o i n t e d  
o u t ,  f o r  i n s t a n c e ,  t h a t  some s u b j e c t s  c o n s i s t e n t l y  had a s t r o n g e r  a r r a y  
o f  p a r t i a l s  in  t h e i r  s p e c t r a  th a n  o t h e r s  d i d ,  bu t  t h i s  does no t  imply
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t h a t  t h e i r  t o n e s  w e r e  s u p e r i o r  o r  i n f e r i o r .  A l s o ,  some p e r t i n e n t  o b s e r  
v a t i o n s  w i l l  be r e p o r t e d  c o n c e r n i n g  d i f f e r e n t  s u b j e c t s '  c o n t r o l  o f  t h e i  
t o n e s  and t h e i r  p i t c h  l e v e l s .
N o t e s  e xa m in e d
The  f i v e  t o n e s  chosen f o r  t h e  e x p e r i m e n t  a r e  among t h e  more r e s ­
o n a n t  ones in  t h e i r  r e s p e c t i v e  r e g i s t e r s . ^  They  a r e  f rom  t h e  t h r e e  
r e g i s t e r s  o f  t h e  c l a r i n e t ,  and t h e y  s h a r e  f i n g e r i n g s .  N o t a t e d  f o r  t h e  
B - f l a t  c l a r i n e t  and u s in g  t h e  Conn C o r p o r a t i o n  nu m b er in g  s ys te m ,  th e  
t o n e s  a r e  F#^ and A #^ ,  C#^ and (w h ic h  s h a r e  f i n g e r i n g s  w i t h  th e  
low F# and A # ) ,  and D6 ,  f i v e  s te p s  above  t h e  s t a f f  (w h ic h  uses e s s e n ­
t i a l l y  t h e  same f i n g e r i n g  as low A # ) .  S i n c e  a p a r t i c u l a r  n o t e  name
o c c u r s  o n l y  o n c e ,  n o t e s  w i l l  h e n c e f o r t h  be  r e f e r r e d  t o  n o t  as low F#
o r  t h i r d - s p a c e  C# b u t  s im p l y  as F# and C#.
V !!■ ^ & ----------
$  ~ - I '  - 1\a L -
D e s c r i p t i o n  o f  s u b j e c t s
The  a b i l i t i e s  o f  t h e  e i g h t  s u b j e c t s  who p a r t i c i p a t e d  in  t h e  e x ­
p e r i m e n t  ranged  v e r y  w i d e l y .  They  a r e  l i s t e d  h e r e  in  o r d e r  o f  e x p e r i ­
e n c e .
S u b j e c t  5 was a tu b a  p l a y e r  and a t  t h e  t im e  a g r a d u a t e  s tu d e n t  
in  M us ic  E d u c a t i o n .  H is  c l a r i n e t  a b i l i t y  was v e r y  l i m i t e d .
John C. W e b s t e r ,  r e v i e w  o f  A k u s t i c h e  und P s y c h o m e t r is c h e  
U n t e r s u c hunqen in  K 1 a r i n e t t e n k i a n g e n , by E k k e h a r d  J o s t ,  in The Jo u rn a l  
o f  t h e  A c o u s t i c a l  S o c i e t y  o f  A m e r i c a ,  4 6 : 5 1 ,  19&6,  pp.  5 6 4 - 5 6 8 .
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S u b j e c t  6 was a t  t h e  t im e  a new f re s h m an  c l a r i n e t  s t u d e n t ,  but  
one who p l a y e d  w e l l .
S u b j e c t  1 was a j u n i o r  in  M u s ic  E d u c a t i o n  whose m a jo r  in s t r u m e n t  
was t h e  c l a r i n e t .
S u b j e c t  8  was a s e n i o r  l e v e l  c l a r i n e t  m a j o r .
S u b j e c t  h was a g r a d u a t e  s t u d e n t  in  M u s ic  E d u c a t i o n  whose m a jo r  
i n s t r u m e n t  was t h e  c l a r i n e t .
S u b j e c t s  2 and 3 w e r e  o l d e r ,  advanced  p l a y e r s  who have e a rn e d  
D . M . A . ' s  in  c l a r i n e t .
S u b j e c t  7 was a m a t u r e  p r o f e s s i o n a l .
Two p a r t s  o f  e x p e r i m e n t
The e x p e r i m e n t  c o n s i s t e d  o f  two d i s t i n c t  p a r t s ,  and t h i s  a s p e c t  
r e q u i r e d  t h a t  i t  be c o n d u c te d  in  two d i f f e r e n t  p l a c e s .  One l o c a t i o n  
was t h e  a n e c h o i c  chamber in  t h e  LSU E l e c t r i c a l  E n g i n e e r i n g  b u i l d i n g ,  
w h e re  w av e form s  o f  t h e  to n e s  were  o b t a i n e d  f o r  l a t e r  a n a l y s i s .  The  
o t h e r  l o c a t i o n  was t h e  X - r a y  Room o f  t h e  LSU I n f i r m a r y ,  where  X - r a y  
p l a t e s  w e re  made o f  t h e  mouth and t h r o a t  r e g i o n s  o f  t h e  s u b j e c t s  w h i l e  
t h e y  b lew t h e  t o n e s .
The  r e q u i r e m e n t  t h a t  t h e  e x p e r i m e n t  be c o n d u c te d  in  two d i f f e r ­
e n t  p l a c e s ,  and t h e r e f o r e  a t  two d i f f e r e n t  t i m e s ,  posed a q u e s t i o n .
Is  t h e r e  any c e r t a i n t y  t h a t  t h e  s u b j e c t s  fo rmed t h e  same o r a l  and p h a r ­
y n g e a l  a d j u s t m e n t s  in  t h e  X - r a y  room w h ic h  t h e y  made in  t h e  a n e c h o ic  
chamber? The w r i t e r  c a n n o t  show c o n c r e t e  p r o o f  t h a t  t h e y  d i d .  W i th  
t h e  e x c e p t i o n  o f  t h e  one a m ateu r  c l a r i n e t  p l a y e r  whose a d ju s t m e n t s  
w e re  somewhat e r r a t i c ,  h o w e v e r ,  a number o f  f a c t o r s  a r g u e  t h a t  the  
f o r m a t j o n s  w e re  indeed  v e r y  s i m i l a r .  To b e g in  w i t h ,  f o r  each o f  th e  
seven c l a r i n e t i s t s ,  a c l e a r  p a t t e r n  o v e r  t h e  f i v e  n o t e s  can be seen.  
S e c o n d l y ,  much o f  t h e  m u s c u l a t u r e  i n v o l v e d  is  o n l y  s e m i v o l u n t a r y , and
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a d j u s t m e n t s  a r e  n o t  a r r i v e d  a t  by a c o n s c io u s  p r o c e s s .  R a t h e r ,  t h e y  
a r e  t h e  r e s u l t  o f  y e a r s  o f  a t t e m p t i n g  t o  p ro d u c e  a c e r t a i n  t o n a l  i d e a l .  
T h e r e f o r e ,  i t  w o u ld  seem t h a t  a d i f f e r e n t  a d j u s t m e n t ,  w h ic h  w ould  produc e  
a d i f f e r e n t  t o n e ,  w o u ld  be q u i c k l y  r e j e c t e d  by t h e  p l a y e r .  G ive n  t h e  
c o m p l e x i t y  o f  t h e  a d j u s t m e n t s  (w h ic h  w i l l  be seen l a t e r ) ,  a new f ls e t u p M 
w h ic h  w orks  w o u ld  r e q u i r e  a c o n s i d e r a b l e  amount o f  e f f o r t  t o  f i n d .  In  
o t h e r  w o r d s ,  t h e  w r i t e r  d o u b t s  t h a t  a c l a r i n e t i s t  c o u l d  make s i g n i f i ­
c a n t l y  d i f f e r e n t  a d j u s t m e n t s  even  i f  he t r i e d  t o .
C o n t r o l  p r o c e d u r e s
The f o l l o w i n g  c o n t r o l  p r o c e d u r e s  w ere  employed t o  e l i m i n a t e  as  
f a r  as p o s s i b l e  a l l  unwanted v a r i a b l e s .
A l l  s u b j e c t s  used t h e  same c l a r i n e t ,  m o u t h p ie c e ,  r e e d ,  and l i g a ­
t u r e .  The re e d  and m o u t h p ie c e  w e re  s t e r i l i z e d  between s u b j e c t s  and
w e re  th e n  c a r e f u l l y  r e p l a c e d  in  t h e  same p o s i t i o n .
The i n t e n s i t y  o f  each  to n e  was c o n t r o l l e d  as c l o s e l y  as is  p o s ­
s i b l e  w i t h  human s u b j e c t s .  A s m a l l  m icroph one  was suspended two in c h e s  
i n s i d e  t h e  b e l l  o f  t h e  i n s t r u m e n t ,  w here  sound p r e s s u r e  l e v e l s  a r e  f a r  
h i g h e r  th a n  eve n  s i x  in c h e s  o u t s i d e .  The m icroph one  was c o n n e c te d  t o  
an a m p l i f i e r  and an A.  C.  V o l t m e t e r ,  making in  ess e n ce  a sound l e v e l  
m e t e r .  T h i s  a r r a n g e m e n t  made p o s s i b l e  a m a tc h in g  o f  blown i n t e n s i t i e s  
between t h e  a n e c h o i c  chamber and t h e  r e v e r b e r a n t  X - r a y  room. The  
s u b j e c t s  w a t c h e d  t h e  m e te r  and a d j u s t e d  t h e i r  b lo w in g  t o  keep t h e  
n e e d l e  a t  a c e r t a i n  p r e d e t e r m i n e d  v a l u e .  T h i s  v a l u e  v a r i e d  f o r  each  
o f  t h e  n o te s  and was f a r  h i g h e r  f o r  D th a n  f o r  t h e  o t h e r  f o u r .  The  
re a s o n  f o r  t h i s  i n t e n s i t y  c o n t r o l  was t h a t  g e n e r a l  p a r t i a l  s t r e n g t h  
r e l a t i v e  t o  t h e  fu n d a m e n ta l  v a r i e s  w i t h  loudness o f  b l o w i n g .
D u r i n g  t h e  b l o w in g  o f  t h e  t o n e s ,  no t u n i n g  was done .  The
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c l a r i n e t  re m a in e d  pushed t o  i t s  s h o r t e s t  l e n g t h .  However ,  t h e  a v e r a g e  
p i t c h  l e v e l  o f  each  b lown n o t e  was measured w i t h  a Conn S t ro b o c o n n  and 
was r e c o r d e d .  A t a b l e  show ing  r e l a t i v e  p i t c h  l e v e l s  can be seen on page
3 9 .  I t  was b e l i e v e d  t h a t  p i t c h  l e v e l  a t  a g i v e n  loudness  is  a t  l e a s t  
l o o s e l y  r e l a t e d  t o  s p e c t r a l  b r i l l i a n c e ,  and t h a t  i t  v a r i e d  w i t h  o r a l  
c a v i t y  s i z e  and s hape .  H o w e ve r ,  t h e  d a t a  o b t a i n e d  d i d  no t  c o n f i r m  t h i s .
Room t e m p e r a t u r e  was m o n i t o r e d  b u t  d id  no t  f l u c t u a t e  enough t o  
have an e f f e c t  on p i t c h .
E x p e r i m e n t a l  p r o c e d u r e
The d e t a i l e d  p r o c e d u r e  f o r  o b t a i n i n g  t h e  s p e c t r a l  a n a l y s e s  f o l -
1 ows.
In t h e  a n e c h o ic  room, eac h  s u b j e c t  b lew  h i s  to n e s  w h i l e  f a c i n g  a 
r e c o r d i n g  m ic ro p h o n e  l o c a t e d  t h r e e  f e e t  away. The m i c r o p h o n e 's  s i g n a l  
was a m p l i f i e d  and fe d  i n t o  a C a th o d e  Ray O s c i l l o s c o p e ,  w h ic h  d i s p l a y e d  
t h e  r e s u l t a n t  w a v e fo rm s .  A s t i l l  camera was fo c u s e d  on t h e  o s c i l l o ­
scope s c re e n  t o  p h o t o g r a p h  t h e  w a v e fo rm s .
A s u b j e c t  u s u a l l y  r e q u i r e d  s e v e r a l  seconds o f  b lo w in g  t o  a d j u s t  
t o  t h e  p r e s c r i b e d  i n t e n s i t y  l e v e l .  When t h i s  l e v e l  was re a c h e d ,  an 
o b s e r v e r  gave  a s i g n a l  t o  t h e  e n g i n e e r  who began p h o t o g r a p h i n g .  F i v e  
p i c t u r e s  o f  each  n o t e ’ s w a v e f o r m  w e re  t a k e n  a t  two o r  t h r e e  second  
i n t e r v a l s .  When most o f  t h e  s u b j e c t s  t r i e d  t o  h o ld  a to n e  l o n g e r  th a n  
t h e  t i m e  r e q u i r e d  f o r  t h r e e  o r  f o u r  p i c t u r e s ,  t h e i r  a i r  r e s e r v e s  b e ­
came d e p l e t e d .  T h i s  m ig h t  have p ro d u c e d  unwanted e f f e c t s  on s p e c t r a .
For t h i s  r e a s o n ,  i t  was n e c e s s a r y  t o  s t i p u l a t e  t h a t  two b r e a t h s  be 
t a k e n  t o  p ro d u c e  f i v e  p i c t u r e s .  The o b s e r v e r  a l s o  r e c o rd e d  th e  a v e r a g e  
p i t c h  l e v e l s ,  b u t  t h e  s u b j e c t s  w e re  n o t  in fo rm e d  o f  them.
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The p r o c e d u r e  in  t h e  a n e c h o ic  chamber p roduce d  two hundred p h o t o ­
g r a p h i c  t r a n s p a r e n c i e s - - e i g h t  s u b j e c t s  p l a y i n g  f i v e  n o t e s  w i t h  f i v e  
s a m p l in g s  o f  e ac h  n o t e .  A com plex  p r o c e s s  i n v o l v i n g  t h e  use o f  a com­
p u t e r  was n e c e s s a r y  t o  c a l c u l a t e  p r e c i s e  s p e c t r a l  a n a l y s e s  f rom t h e  
w av e form s  on t h e  t r a n s p a r e n c i e s .  The t r a n s p a r e n c i e s  w ere  p r o j e c t e d  
o n t o  a g r i d  h a v i n g  t h i r t y - t w o  e q u a l  g r a d u a t i o n s  a lo n g  i t s  t im e  a x i s  
( a b c i s s a ) .  The  p r o j e c t e d  s i z e  o f  each  t r a n s p a r e n c y  was a d j u s t e d  so 
t h a t  e x a c t l y  one c y c l e  o f  t h e  w av e fo rm  w ou ld  c o i n c i d e  w i t h  t h e  f i r s t  
and l a s t  v e r t i c a l  l i n e s .  A m p l i t u d e  v a l u e s  c o u l d  th e n  be read a t  each  
t i m e  i n c r e m e n t .  I t  makes no d i f f e r e n c e  in  t h e  c o m p u t a t i o n s  w h ich  p o i n t  
in  t h e  c y c l e  i s  p l a c e d  a t  t i m e  z e r o .  I t  does n o t  even m a t t e r  i f  th e  
t r a n s p a r e n c y  is  t u r n e d  u p s i d e  down o r  i s  f l i p p e d  o v e r  in  t h e  p r o j e c t o r .
In a d d i t i o n ,  t h e  n u m e r ic a l  o r d i n a l  v a l u e s  f o r  a m p l i t u d e  a r e  a r b i t r a r y  
as lo n g  as t h e  g r a d u a t i o n s  a r e  e q u a l .  The c om pute r  uses r e l a t i v e  v a l u e s .
The t h i r t y - t w o  n u m e r ic a l  v a l u e s  f o r  each s am p l in g  th u s  measured  
w ere  th e n  a p p l i e d  t o  F o u r r i e r ' s  Formula  u s i n g  N y q u i s t ' s  Theorem (see  
A p p e n d i x ) .  W i t h  t h e  a i d  o f  a c o m p u te r ,  e x a c t  a m p l i t u d e s  f o r  s i x t e e n  
p a r t i a l s  w e re  o b t a i n e d .
The  e x p e r i m e n t a l  p r o c e d u r e  i n v o l v e d  in  p r o d u c i n g  t h e  X - r a y  
p l a t e s  was c o m p a r a t i v e l y  s i m p l e .  The e i g h t  s u b j e c t s  b le w  t h e i r  tones  
a g a i n  w h i l e  s t a n d i n g ,  each  w i t h  t h e  l e f t  s i d e  o f  h i s  f a c e  a g a i n s t  t h e  * 
X - r a y  f i l m  c a r t r i d g e .  The X - r a y  tu b e  was mounted h o r i z o n t a 11y . Sound 
l e v e l  was a d j u s t e d  as in  t h e  a n e c h o ic  room, u s in g  t h e  s m al l  m icrophone  
i n s i d e  t h e  b e l l .  The same c l a r i n e t ,  m o u t h p ie c e ,  and reed  were  a ls o  
used a g a i n .  One p l a t e  was made f o r  each t o n e ,  a s s u r i n g  a s a f e  r a d i a ­
t i o n  l e v e l .  The X - r a y  p i c t u r e s  a r e  a b o u t  t h r e e  p e r c e n t  l a r g e r  than  
a c t u a l  s i z e .
\ k
The one c o m p l i c a t e d  a s p e c t  o f  t h e  X - r a y  w o rk  was t h e  a d j u s t m e n t  
o f  t h e  X - r a y  e q u i p m e n t .  The s tu d y  demanded p l a t e s  w h ic h  w ou ld  show t h e  
o u t l i n e  o f  t h e  to n g u e  and s o f t  p a l a t e  i n s i d e  t h e  m a n d i b le  and t e e t h ,  as  
w e l l  as t h e  o r o - p h a r y n x ,  e p i g l o t t i s ,  and l a r y n x .  T h i s  is  p o s s i b l e ,  b u t  
some d e l i c a t e  a d j u s t m e n t s  o f  e x p o s u r e  w e re  r e q u i r e d .  (Some a d v i c e  f o l ­
lows f o r  t h o s e  who w o u ld  do t h i s  k in d  o f  e x p e r i m e n t i n g :  T r y  t o  a v o id
s u b j e c t s  who a r e  o b e s e ,  who have  heavy  m a n d i b l e s ,  o r  who ha ve  many 
f i l l i n g s  in  t h e i r  u p p e r  t e e t h .  P e o p le  who have l i g h t  s k e l e t o n s  can  
p r o d u c e  some v e r y  c l e a r  p i c t u r e s .  Females have l i g h t e r  m a n d i b le s  th a n  
m a l e s . )
CHAPTER I I I  
THE SPECTRA
The s p e c t r a l  a n a l y s e s  t h a t  emerged f ro m  t h e  c o m p u te r  in  d i g i t a l  
f o r m  a r e  p r e s e n t e d  i n  t h i s  c h a p t e r  in  g r a p h s .  The f o l l o w i n g  e x p l a n a ­
t o r y  n o t e s  a r e  n e c e s s a r y .
Each g ra p h  i s  a c o m b i n a t i o n  o f  f i v e ,  shewing t h e  f i v e  s a m p l in g s  
( p h o t o g r a p h s )  o f  a p a r t i c u l a r  t o n e .  Each n a r r o w  b a r  in  e v e r y  p a r t i a l  
i s  k e p t  in  i t s  same r e s p e c t i v e  p o s i t i o n - - t h e  f i r s t  b a r  on t h e  l e f t  i s  
f ro m  t h e  f i r s t  s a m p l i n g ,  t h e  n e x t . i s  f rom  t h e  second s a m p l i n g ,  and so 
on .  The r e s u l t  i s  a d e p i c t i o n ,  n o t  o n l y  o f  r e l a t i v e  p a r t i a l  s t r e n g t h s ,  
b u t  a l s o  o f  t h e  c o n s i d e r a b l e  v a r i a t i o n  in  t h e  s t r e n g t h s  o f  p a r t i a l s  
in  t h e  d i f f e r e n t  s a m p l i n g s .  The eye  can e a s i l y  " a v e r a g e "  t h e  f i v e  
b a r s  o f  a p a r t i a l  when t h e s e  b a rs  a r e  f a i r l y  equa l  in  h e i g h t .  When 
t h e y  a r e  w i d e l y  d i v e r g e n t ,  p e rh a p s  a v e r a g i n g  i s  n o t  as m e a n i n g f u l .
T o n a l  v a r i a b i l i t y
The  m a t t e r  o f  v a r i a n c e  in  t h e  s t r e n g t h s  o f  p a r t i a l s  needs  t o  
be c o n s i d e r e d .  A v a r i a t i o n  o f  10 db ( d e c i b e l s )  on some p a r t i a l s  be­
tween s a m p l in g s  t a k e n  two o r  t h r e e  seconds a p a r t  i s  n o t  an uncommon 
o c c u r r e n c e .  Ten  d b ,  by d e f i n i t i o n ,  e q u a l s  a sound power r a t i o  o f  te n  
t o  o n e .  The g r e a t e s t  v a r i a b i l i t y  o c c u r s  on p a r t i a l s  6 ,  8 ,  and k.
T h e r e  is  v e r y  l i t t l e  t u b e  re s o n a n c e  o f  t h e s e  p a r t i a l s .  In d e ed  i f  t h e  
c l a r i n e t  b o re  was p e r f e c t l y  c y l i n d r i c a l ,  t h e r e  would  be no t u b e  r e s ­
onance  o f  e v e n -n u m b e re d  p a r t i a l s .  T h e r e f o r e ,  t h e s e  p a r t i a l s  owe
15
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t h e i r  e x i s t a n c e  in  low r e g i s t e r  n o te s  t o  t h e  i r r e g u l a r i t i e s  o f  t h e  
tu b e  ( t h e  g r e a t e s t  o f  w h ic h  is  t h e  w ed ge-shape d  m o u th p ie c e  w in d w a y ) ,  
t h e  r e e d ’ s n a t u r a l  s p e c t r a l  o u t p u t ,  and t h e  i n f l u e n c e s  o f  t h e  p l a y e r .
In  a d d i t i o n  t o  t h e  v a r i a b i l i t y  o f  i n d i v i d u a l  p a r t i a l s  w i t h i n  a 
t o n e ,  t h e r e  was some d e g r e e  o f  w a v e r i n g  in t h e  o v e r a l l  l e v e l s  o f  t h e  
to n e s  o f  a l l  s u b j e c t s .  I t  was e v i d e n t  t o  t h e  e a r  d u r i n g  t h e  e x p e r i ­
ment t h a t  t h e  more a c c o m p l is h e d  p l a y e r s  w ere  b e t t e r  a b l e  t o  c o n t r o l  
t h e i r  t o n e s  t h a n  t h e  l e s s  a c c o m p l is h e d .  Even among t h e  e x p e r t s ,  how­
e v e r ,  t h e r e  was somet im es  a s u r p r i s i n g  w a v e r i n g .  S in c e  t h e  p h o to g ra p h s  
were  t a k e n  a t  ramdom t i m e s ,  t h e y  do n o t  a lw a y s  r e f l e c t  t h e  d i f f e r e n c e s  
in  s k i l l  among t h e  p l a y e r s .  The r a t e  o f  f l u c t u a t i o n  was f a r  f a s t e r  
th a n  t h e  r a t e  a t  w h ic h  p i c t u r e s  w e re  t a k e n .  However ,  t h e  w ave form  on 
t h e  o s c i l l o s c o p e  s c r e e n  c o u l d  be seen t o  v a r y .  I t  i s  p o s s i b l e  t h a t  
h ig h  speed ( s l o w  m o t i o n )  m ov ie  p h o to g r a p h y  o f  an o s c i l l o s c o p e  t r a c e  
o v e r  one o r  two seconds o f  a t o n e ' s  d u r a t i o n  m ig h t  p r o v i d e  some i n ­
s i g h t s  i n t o  how we p e r c e i v e  to n e  q u a l i t y .
In t h e  g ra p h s  t h e  v a r i a t i o n s  in  o v e r a l l  l e v e l  o f  t h e  to n es  a r e  
n o r m a l i z e d  so t h a t  a l l  f u n d a m e n t a ls  a r e  o f  eq u a l  m a g n i tu d e .  Th u s ,  t h e  
a m p l i t u d e s  o f  t h e  f u n d a m e n ta l  p a r t i a l s  c o u ld  be a s s ig n e d  a v a l u e  o f  
0 db and t h e  a m p l i t u d e s  o f  t h e  o v e r t o n e  p a r t i a l s  e x p r e s s e d  in r e l a t i o n  
t o  them.
I t  can be seen t h a t  in  a d d i t i o n  t o  th e  l a r g e  d i f f e r e n c e s  in  
harm on ic  c o n t e n t  be tw ee n  n o t e s  in  d i f f e r e n t  r e g i s t e r s ,  t h e r e  a r e  s m a l l e r  
b u t  c l e a r  d i f f e r e n c e s  b e tw een  two n o te s  in  t h e  same r e g i s t e r  a m a jo r  
t h i r d  a p a r t .  In  f a c t ,  e a c h  n o t e  o f  t h e  c l a r i n e t  has a d i f f e r e n t  s pec ­
t r u m .  In g e n e r a l ,  t h e  n o t e s  w h ich  use more o f  th e  tu b e  have b r i g h t e r  
s p e c t r a .  Backus s t a t e d ,  "As t h e  e f f e c t i v e  l e n g t h  o f  th e  i n s t r u m e n t  is
17
s h o r t e n e d  by o p e n in g  s i d e  h o l e s ,  t h e  number o f  s i g n i f i c a n t  re s o n a n c e s  
d e c r e a s e s ,  and w i t h  i t  t h e  number o f  h a r m o n i c s . " ^  The second r e g i s t e r  
does n o t  have  t h e  p a t t e r n  o f  s t r o n g  re s o n a n c e s  on t h e  odd-numbered p a r ­
t i a l s .
Ru i ned sampl i nqs
F i v e  s a m p l in g s  a r e  m i s s i n g  f ro m  t h e  g rap h s  because f i l m s  were  
damaged in  t h e  d e v e l o p i n g  t a n k .  T h r e e  o t h e r  s am p l in g s  a r e  o f  q u e s t i o n ­
a b l e  v a l u e  s i n c e  most o f  t h e  p a r t i a l  r e a d i n g s  in  them d i f f e r  r a d i c a l l y  
f ro m  t h e  o t h e r  f o u r  s a m p l in g s  o f  t h a t  n o t e .  I t  i s  p o s s i b l e  t h a t  t h e  
p h o t o g r a p h  was t a k e n  j u s t  when t h e  s u b j e c t  Was d e c i d i n g  t o  q u i t  f o r  a 
b r e a t h ,  o r  a t  some o t h e r  u n d e t e r m in e d  i n s t a n t .  A t  any r a t e ,  t h e  sam­
p l i n g s  a r e  d i v e r g e n t  enough t o  skew t h e  a v e r a g e  v a l u e  o f  t h e  p a r t i a l s  
in t h e i r  n o t e s ;  a nd ,  t h e r e f o r e ,  s h o u ld  p r o b a b l y  be i g n o r e d .  The q u e s ­
t i o n a b l e  s a m p l in g s  a r e :  S u b j e c t  1 ,  A# 5 ;  S u b j e c t  6 ,  A# 5 ;  and S u b j e c t
7 ,  A# 3.
Lowest v a l u e s  shown
The g ra phs  i n d i c a t e  v a l u e s  as low as 30 o r  35 db be low  th e  
s t r e n g t h  o f  t h e  f u n d a m e n t a l .  The c o m p u t a t i o n s  showed l e v e l s  f a r  lo w e r  
th a n  t h i s  f o r  h ig h  p a r t i a l s  o f  t h e  h i g h e r  n o t e s ,  but  e x t e n d i n g  th e  
gra phs  down t h a t  f a r  would  c o n f u s e  t h e  v i e w e r  more th a n  i t  would  p r o ­
v i d e  u s e f u l  i n f o r m a t i o n .  The e a r  h e a r s  e x p o n e n t i a l l y ,  which  i s  why 
t h e  d e c i b e l  s c a l e  is  used.  S t i l l ,  30 db down is  one th o u s a n d th  o f  t h e  
sound p o w e r ,  and is  w e l l  b e lo w  t h e  l e v e l  a t  w h ich  th e  e a r  c o u l d  d e t e c t  
a p a r t i c u l a r  p a r t i a l  in  a t o n e .  P a r t i a l  s t r e n g t h s  be low th e  lo w e s t
^ 5 j 0 hn Backus,  "R e sonance  F r e q u e n c i e s  o f  t h e  C l a r i n e t , "  The  
. jo u rn a l  o f  t h e  A c o u s t i c a l  S o c i e t y  o f  A m e r i c a ,  A3: 1277 n 6 ,  ( 1 9 6 8 ) ,  1 2 8 0 .
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v a l u e  on t h e  g ra p h  a r e  i n d i c a t e d  by a sm al l  mark on t h e  b o t to m  l i n e .
The f o l l o w i n g  pages p r e s e n t  t h e  s p e c t r a l  g ra p h s  and a t a b l e  o f  
n o r m a l i z e d  p i t c h  l e v e l s .  Because a l l  s u b j e c t s  p l a y e d  sharp  t o  some e x ­
t e n t  ( t h e  c l a r i n e t  was pushed t o  i t s  s h o r t e s t  l e n g t h ) ,  an equa l  number  
o f  " c e n t s "  was s u b t r a c t e d  f ro m  a l l  r e a d i n g s .
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NORMALIZED PITCH LEVELS 
( D e v i a t i o n  f ro m  Norm in  Hundredths  o f  a S em i to n e)
Subj e c t F# A# c# F D
1 +9 +8 +10 +8 - 2
2 +6 +5 +10 +8 +20
3 0 +3 +2 +3 + 1
A +6 +A + 10 + 12 + 13
5 + 10 +A +k + 11 + 16
6 +6 + 11 +k 0 + 12
7 0 0 +2 +3 +5
8 +9 +9 +9 + 12 + 15
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O v e r a l l  a v e r a g e  s p e c t r a
An o v e r a l l  a v e r a g e  s p e c t ru m  f o r  each  o f  t h e  f i v e  n o te s  can be 
c a l c u l a t e d  f r o m  t h o s e  o f  t h e  e i g h t  s u b j e c t s .  I n d i v i d u a l  s p e c t r a  can  
th e n  be compared t o  them.  T h e s e  c o n g l o m e r a t e  s p e c t r a  can in no way 
be r e g a r d e d  as d e s i r a b l e  t o n e s  o r  even as norms. O p i n io n s  o f  what  
c o n s t i t u t e s  a d e s i r a b l e  t o n e  v a r y .  H ow ever ,  an a v e r a g e  s p ec t ru m  m ig h t  
smooth o u t  c e r t a i n  i n d i v i d u a l  v a g a r i e s  and w o u ld  a t  l e a s t  s e r v e  as a 
b a s i s  o f  c o m p a r is o n  among t h e  e i g h t  s u b j e c t s .  I t  w ou ld  a l l o w  one t o  
s t a t e  w h ic h  s u b j e c t s  have  b r i g h t e r  o r  d u l l e r  s p e c t r a  th a n  t h e  norm f o r  
t h e  g r o u p .
In t h e  a v e r a g e  F# p r e s e n t e d  b e l o w ,  n o t e  t h a t  f ro m  t h e  t h i r d  
p a r t i a l  t o  t h e  e l e v e n t h ,  e a c h  odd-n um bered  p a r t i a l  is  a p p r o x i m a t e l y  
4  db w e a k e r  t h a n  t h e  p r e c e d i n g  o n e .  T h i s  i s  n o t  f a r  f rom  t h e  spec t rum
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P a r t i a l  Number
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t h a t  a c y l i n d r i c a l  c l o s e d  tu b e  s h o u ld  p r o d u c e .  I t  has some s i m i l a r i t y  
t o  a s q u a r e  w a v e .  None o f  t h e  o t h e r  n o t e s  lo o k s  n e a r l y  t h i s  " c o r r e c t . "
I n i t i a l  comments on i n d i v i d u a l  s p e c t r a
In  t h e  low F# s p e c t r a ,  one f i r s t  n o t i c e s  a s u r p r i s i n g  d i v e r g e n c e  
f ro m  s u b j e c t  t o  s u b j e c t .  T h e r e  a r e ,  h o w e v e r ,  some s i m i l a r i t i e s  among 
t h e  e i g h t  g r a p h s .  S u b j e c t s  7 ,  3 ,  and 4  show c o n s i d e r a b l e  s i m i l a r i t y  on 
p a r t i a l s  b e l o w  t h e  t e n t h .  ( S u b j e c t  3 has w e a k e r  s i x t h  and t e n t h  p a r -  
t i a l s . )  M o s t  p a r t i a l s  o f  t h e s e  t h r e e  i n d i v i d u a l s  a r e  w i t h i n  s e v e r a l  db 
o f  each  o t h e r  and a r e  a b i t  s t r o n g e r  th a n  t h e  o v e r a l l  a v e r a g e  o f  t h e  
g r o u p .  The  c o n t o u r s  o f  t h e s e  t h r e e  s u b j e c t s '  s p e c t r a  g e n e r a l l y  p a r a l ­
l e l  t h e  o v e r a l l  a v e r a g e  w h i l e  b e i n g  s e v e r a l  db b r i g h t e r .  The s p e c t r a  
o f  S u b j e c t  7 p a r a l l e l  t h e  o v e r a l l  a v e r a g e  t h e  c l o s e s t ,  and th o s e  o f  
S u b j e c t  3 a r e  n e x t  c l o s e s t .
S u b j e c t s  2 and 1 show some s i m i l a r i t i e s  i n  s p e c t r a ,  such as weak  
f i f t h  p a r t i a l s .  . S u b j e c t  1 has t h e  g r e a t e s t  h ig h  p a r t i a l  s t r e n g t h  o f  
a l l  on t h i s  n o t e ,  b u t  h i s  o t h e r  t o n e s  w e r e  n o t  t h e  same. The two sub­
j e c t s  d i d  n o t  sound s i m i l a r  t o  t h e  w r i t e r .
S u b j e c t s  5 ,  6 ,  and 8 have  l e s s  th a n  a v e r a g e  h ig h  p a r t i a l  s t r e n g t h ,  
h ig h  p a r t i a l s  in  t h i s  c o n t e x t  b e in g  t h o s e  above t h e  n i n t h .  S u b j e c t s  5 
and 8 have  t h e  w e a k e s t  h ig h  p a r t i a l s  b u t  a r e  n o t  o t h e r w i s e  s i m i l a r .
S u b j e c t  8 has c o n s i s t e n t l y  t h e  h i g h e s t  p i t c h e s ,  S u b j e c t s  3 and 
7 t h e  l o w e s t .
T he  o v e r a l l  a v e r a g e  low A# s p e c t ru m  p i c t u r e d  be low  is  v e r y  d i f ­





















GRAPH A2. AVERAGE A#
n
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P a r t i a l  Number
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The s p e c t r a  o f  S u b j e c t s  7 and 3 show e x t r e m e l y  c l o s e  s i m i l a r i t y ,  
even  t o  t h e  p o i n t  o f  them b o th  h a v i n g  t h e  w ea k e s t  s e v e n th  p a r t i a l s  o f  
any s u b j e c t ' s  s p e c t r a .  T h e i r  c o n t o u r s  a r e  g e n e r a l l y  p a r a l l e l  t o  th e  
o v e r a l l  a v e r a g e  b u t  a r e  a b o u t  3 db b r i g h t e r .  S u b j e c t  k a g a i n  p ro d u c ed  
s p e c t r a  t h a t  a r e  s i m i l a r  t o  th o s e  o f  S u b j e c t s  7 and 3 e x c e p t  t h a t  t h e y  
a v e r a g e  2 t o  3 db b r i g h t e r  y e t .  (The w r i t e r ' s  e a r  h e a r d  t h i s  as a 
more "w h e ezy "  t o n e . )  S u b j e c t s  2 and 6 have s p e c t r a  showing some de ­
g r e e  o f  s i m i l a r i t y .  T h e i r  to n e s  a r e  t h e  l e a s t  b r i l l i a n t  o n e s .  The  
s p e c t r a  o f  S u b j e c t  6 a r e  e s p e c i a l l y  weak above th e  s e v e n th  p a r t i a l .
The  t h r e e  good s a m p l in g s  o f  S u b j e c t  1 show some r e s e m b la n c e  t o  
th o s e  o f  S u b j e c t  8 .  Both  have odd-numbered  p a r t i a l s  in  a s t a i r - s t e p  
s h a p e ,  w h ich  is  c o u n t e r  t o  t h e  c o n t o u r s  o f  th e  o t h e r  s u b j e c t s .
The A# s p e c t r a  o f  S u b j e c t  5 a r e  r a t h e r  e r r a t i c .  P a r t i a l s
*+3
s t r o n g e r  t h a n  a v e r a g e  and p a r t i a l s  w ea k er  th a n  a v e r a g e  o c c u r  c l o s e  t o  
e a c h  o t h e r .  T h e r e  i s  no c o n s i s t e n t  r e s e m b la n c e  t o  t h e  g ra p h s  o f  any  
o t h e r  s u b j e c t .
GRAPH *f3.  AVERAGE C#
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P a r t i a l  Number
The second r e g i s t e r  n o t e s ,  and even  more t h e  t h i r d  r e g i s t e r  
n o t e ,  can be seen t o  c o n t a i n  f a r  f e w e r  p a r t i a l s  o f  s i g n i f i c a n t  s t r e n g t h  
t h a n  t h e  low r e g i s t e r  n o t e s .  In  t h i s  r e g a r d ,  t h e i r  s p e c t r a  c o n t a i n  l e s s  
i n f o r m a t i o n .  I t  must be remembered t h a t  f r e q u e n c i e s  have now t r i p l e d  
f o r  t h e  C# and F in  r e l a t i o n  t o  t h e  low F# and A#. The t h i r d  p a r t i a l  
o f  C# ,  f o r  i n s t a n c e ,  i s  a b o u t  t h e  same f r e q u e n c y  as t h e  n i n t h  p a r t i a l  
o f  f# .  The f i f t h  p a r t i a l  o f  F e q u a l s  t h e  f i f t e e n t h  o f  A#.  So, t h e r e  
i s  much t h e  same u p p e r  l i m i t  o f  f r e q u e n c i e s .
bb
The second r e g i s t e r  as a w h o le  does n o t  have t h e  p a t t e r n  o f  
s t r o n g  o d d -n um bered  and weak e ve n -n u m b e re d  p a r t i a l s  t h a t  is  s a i d  t o  
be c h a r a c t e r i s t i c  o f  t h e  c h a lu m e a u .  A c t u a l l y ,  t h e  o p p o s i t e  p r o f i l e  
can be seen in  s e v e r a l  s p e c t r a .  On C# ,  S u b j e c t  5 has p a r t i a l s  2, k, 
and 6 much s t r o n g e r  th a n  p a r t i a l s  3 ,  5 ,  and 7- T h i s  s u r p r i s i n g  p r o f i l e  
can a l s o  be seen in  l e s s e r  d e g r e e  in  t h e  s p e c t r a  o f  S u b j e c t  8 .  S u b j e c t  
8 has t h e  d u l l e s t  s p e c t r a  o f  a l l .
S u b j e c t s  2 ,  1 ,  and 6 have  r a t h e r  s i m i l a r  and a v e r a g e  s p e c t r a .  
Th o se  o f  S u b j e c t s  2 and 1 a r e  c l o s e s t  t o  t h e  a v e r a g e .
S u b j e c t s  3 and k a r e  f a i r l y  s i m i l a r  in  p r o f i l e  and a r e  b r i g h t e r  
t h a n  t h e  a v e r a g e .  The g ra ph  o f  S u b j e c t  7 shows a to n e  t h a t  is  d u l l e r  
th a n  t h e  a v e r a g e ,  h i s  one d u l l  n o t e .
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P a r t i a l  Number
8
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On t h e  n o t e  F ,  S u b j e c t s  1 ,  3 ,  and 4  have s p e c t r a  t h a t  a r e  f a i r l y  
s i m i l a r  in  c o n t o u r .  The graph  o f  S u b j e c t  1 i s  c l o s e  t o  t h e  a v e r a g e ,  
t h a t  o f  S u b j e c t  3 is  b r i g h t e r ,  and t h a t  o f  S u b j e c t  4  is  d u l l e r .  T h is  
i s  S u b j e c t  1 s one d u l l  n o t e .  S u b j e c t  7 would  have a f a i r l y  a v e r a g e  
g r a p h  e x c e p t  t h a t  h i s  f o u r t h  p a r t i a l  is  e x t r e m e l y  w ea k .
S u b j e c t  2 has u n i q u e  s p e c t r a  in  t h a t  t h e  s t r e n g t h s  o f  h i s  p a r ­
t i a l s  2 ,  3 ,  and 4  a r e  a l l  n e a r l y  e q u a l .  They a v e r a g e  be tw een  20 and 22
db b e lo w  t h e  l e v e l  o f  t h e  f u n d a m e n t a l .
S u b j e c t  8 ' s s p e c t r a  a r e  v e r y  weak in  p a r t i a l s  above  t h e  f o u r t h .
S u b j e c t  5 shows a h ig h  d e g r e e  o f  w a v e r i n g ,  and a c t u a l l y  had some 
d i f f i c u l t y  in  p l a y i n g  t h e  n o t e .
The  s p e c t r a  o f  h ig h  D c o n t a i n  some a d d i t i o n a l  u n e x p e c te d  f i n d ­
i n g s .  F i r s t  o f  a l l ,  t h e  graphs  show s p e c t r a  t h a t  seem d u l l  compared t o  
t h e  e f f e c t  o f  t h i s  n o t e  on t h e  e a r .  T h i s  may be due t o  t h e  f a c t  t h a t  
n o t e s  in  t h i s  r e g i o n  a r e  lo u d e r  th a n  lo w e r  n o t e s ,  and we h e a r  t h i s  lo u d ­
ness  as b r i l l i a n c e .  In a d d i t i o n ,  w i t h  t h e  D,  and t o  a l e s s e r  e x t e n t  
w i t h  t h e  F ,  t h e r e  is  much more i n d i v i d u a l  d i v e r g e n c e  in  t h e  manner in  
w h ic h  t h e  t o n e  i s  p r o d u c e d .  The w r i t e r  e s t a b l i s h e d  t h e  l e v e l  a t  wh ich  
t h e  D w o u ld  be blown in  t h e  same way t h a t  th e  l e v e l s  f o r  t h e  o t h e r  n o te s  
w e r e  e s t a b 1 i s h e d - - b y  b lo w in g  what was f o r  him a c o m f o r t a b l e ,  f u l l  sound.  
Some o f  t h e  o t h e r  s u b j e c t s  f e l t  c o m f o r t a b l e  a t  t h i s  l e v e l ;  b u t  s e v e r a l  
d i d  n o t ,  and t h e y  had some d e g re e  o f  d i f f i c u l t y  in h o l d i n g  t h e  n o te  
s t e a d y .  F u r t h e r ,  t h e  d i f f i c u l t y  d i d  no t  r e l a t e  t o  how e x p e r t  o r  am ateur  
t h e  s u b j e c t s  w e r e .  No one had t r o u b l e  in p l a y i n g  any o f  t h e  f i r s t  f o u r  
t o n e s .  I t  seems t h a t  v a r i o u s  p l a y e r s  had d i f f e r e n t  ways o f  p r o d u c in g  
h i g h  D, a l t h o u g h  t h e  X-rays w i l l  show t h a t  o r a  1- p h a r y n g e a 1 a d j u s t m e n t s  
a r e  m u c h  more s i m i l a r  f o r  t h i s  n o t e  th a n  f o r  th e  low er  o n e s .  No a v e r a g e
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s p e c t r u m  was c a l c u l a t e d  f o r  t h i s  n o t e .
S u b j e c t  2 ,  who had been p r o d u c i n g  some o f  t h e  l e a s t  b r i l l i a n t  
t o n e s  on t h e  o t h e r  n o t e s ,  has t h e  b r i g h e s t  D s p e c t r a .  He re m arked  t h a t  
he had a s l i g h t  b i t  o f  d i f f i c u l t y  h o l d i n g  t h e  n o t e  t o  t h e  p r e s c r i b e d  
l e v e l .  H is  p i t c h  was t h e  h i g h e s t  o f  t h e  e i g h t .
S u b j e c t  3 ,  who had been p r o d u c in g  some o f  t h e  b r i g h t e s t  tone s  
so f a r ,  has c l e a r l y  t h e  d u l l e s t  D.  H is  p i t c h  is  second l o w e s t .
S u b j e c t  1 had c o n s i d e r a b l e  t r o u b l e  h o l d i n g  t h e  t o n e  a t  t h e  s e t
1e v e l .
S u b j e c t  5 ' s  g ra p h  lo o k s  a m a z i n g l y  u n i f o r m ,  b u t  h i s  t o n e  wavered  
v i o l e n t l y  and s e v e r a l  a t t e m p t s  w e re  r e q u i r e d  t o  g e t  t h e  p h o t o g r a p h s .
On D and t o  a l e s s e r  e x t e n t  on F,  S u b j e c t  8 had a f a s t  p u l s a ­
t i o n  in  lo u d n e s s  w h ic h  was a p p a r e n t  t o  t h e  e a r  and w h ic h  showed up as 
a f l i c k e r i n g  o f  t h e  neon l i g h t  on t h e  S t r o b o c o n n .  The w r i t e r  e s t i m a t e d  
t h a t  t h e  r a t e  o f  p u l s a t i o n  was a t  l e a s t  e i g h t  p e r  s e c o n d ,  w h ic h  is  
p r o b a b l y  f a s t e r  th a n  one c o u l d  do i n t e n t i o n a l l y .  T h i s  is  n o t  t o  say  
t h a t  t h e  s u b j e c t  does t h i s  a l l  t h e  t i m e .
Summary
By way o f  r e c a p i t u l a t i o n ,  t h e  g e n e r a l  c h a r a c t e r i s t i c s  o f  each  
s u b j e c t ' s  f i r s t  f o u r  s p e c t r a l  g ra phs  can be l i s t e d .
The sec o n d ,  t h i r d ,  and f o u r t h  n o te s  o f  S u b j e c t  1 a r e  c l o s e  to  
t h e  g roup  a v e r a g e  in  b r i l l i a n c e  and somet imes in  c o n t o u r .  H is  Fff i s  n o t  
t y p i c a l ,  h a v i n g  p a r t i a l s  t h a t  a r e  v e r y  s t r o n g  and weak as compared t o  
t h e  o t h e r  s u b j e c t s '  s p e c t r a .
S u b j e c t  2 is  t h e  one ca s e  o f  an advanced p l a y e r  who produced  
s p e c t r a  w h ic h  w e re  l e s s  b r i l l i a n t  th a n  t h e  a v e r a g e .  The one e x c e p t i o n
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was h i s  h i g h  D.  The s p e c t r a  o f  t h i s  s u b j e c t  resem b le  t h o s e  o f  S u b j e c t
6 on A# and C#,  b u t  a r e  u n iq u e  on F.
The s p e c t r a  o f  S u b j e c t  3 s t r o n g l y  re se m b le  th o s e  o f  S u b j e c t  7 
on t h e  n o t e s  F#  and A # ,  and have some s i m i l a r i t y  on C# and F.  S u b j e c t  
h a l s o  shows some o f  t h e  same c o n t o u r s .  These  t h r e e  s u b j e c t s  have  
s p e c t r a  w h ic h  a r e  u s u a l l y  b r i g h t e r  th a n  t h e  group a v e r a g e  and w hich  
u s u a l l y  have a s i m i l a r  c o n t o u r .  S u b j e c t  U has t h e  b r i g h t e s t  s p e c t r a  
o f  a l l  on A# and is  among t h e  b r i g h t e s t  on F# and C#.
S u b j e c t  5 ' s  s p e c t r a  a r e  n o t  c o n s i s t e n t .  H is  lo w e s t  n o t e  is  
somewhat in  l i n e  w i t h  t h e  group as a w h o le  b u t  s t i l l  does n o t  r e a l l y  
re se m b le  any o t h e r  F#.  The r e s t  o f  h i s  n o te s  become p r o g r e s s i v e l y  
more e r r a t i c .
In c o n t r a s t  t o  S u b j e c t  5 ,  t h e  s p e c t r a  o f  S u b j e c t  7 most resem ble  
t h e  c o n t o u r s  o f  t h e  a v e r a g e  s p e c t r a ,  w h i l e  a t  t h e  same t i m e  h a v in g  each  
p a r t i a l  3 o r  k db s t r o n g e r .  The one e x c e p t i o n  i s  h i s  C#,  w h ic h  is  
d u 11e r .
The s p e c t r a  o f  S u b j e c t  8 a r e  f a i r l y  a v e r a g e  in  t h e  low r e g i s t e r
b u t  a r e  v e r y  d u l l  in  t h e  second r e g i s t e r .  S u b j e c t  6 ' s  g ra p h s  u s u a l l y
re s e m b le  t h o s e  o f  S u b j e c t  8 .
CHAPTER IV  
THE X-RAY TRACINGS
T r a c i n g s  o f  t h e  X - r a y  p l a t e s  showing o n l y  t h e  a n a t o m ic a l  f e a ­
t u r e s  p e r t i n e n t  t o  t h e  e x p e r i m e n t  a r e  p r e s e n t  on t h e  f o l l o w i n g  p a g es .  
The a c t u a l  X - r a y  p l a t e s  c o u l d  n o t  be s u c c e s s f u l l y  rep ro d u ce d  and w ou ld
a l s o  be d i f f i c u l t  f o r  many p e o p l e  t o  i n t e r p r e t .
I m m e d i a t e l y  f o l l o w i n g  t h e  X - r a y  t r a c i n g s  a r e  s e v e r a l  f i g u r e s  
i d e n t i f y i n g  t h e  n e c e s s a r y  a n a t o m i c a l  p a r t s ,  a lo n g  w i t h  e s s e n t i a l  e x -
p l a n t i o n s .  F i n a l l y ,  t h e r e  f o l l o w s  a c o m p a r is o n  o f  t h e  v a r i o u s  sub­
j e c t s '  a d j u s t m e n t s ,  and t h e  c h an g es  in  t h e s e  a d j u s t m e n t s  o v e r  t h e  f i v e  
n o t e s .
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SIDE VIEW OF ANATOMICAL FEATURES
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T h i r d  th ro u g h  s i x t h  
c e r v i c a l  v e r t e b r a e
P o s t e r i o r  w a l l  o f  p h a ry n x
S o f t  p a l a t e
Hard p a l a t e ,  w i t h  
a l v e o l a r  r i d g e
Upper i nc i sors
Lower i nc i sors
Dorsum o f  tongue
Root o f  tongue
® Epi g l o t t i  s
© Hyoid  bone
© C e n t r a l  l i n e  ( a n g l e )  o f  
t h y r o i  d c a r t  i 1 age
© Vocal f o l d s
© Opening o f  esophagus
© O ro -p h a ry n x
© L a r y n g o -p h a ry n x
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The e p i g l o t t i s  and t h e  h y o id  bone a r e  l e s s  f a m i l i a r  t o  many than  
a r e  some o t h e r  p a r t s  o f  t h e  anatomy.  The f o l l o w i n g  f i g u r e s  should  c l a r -  
i f y  t h e i  r  shapes .
FIGURE hi.
THE EPIGLOTTIS AND THYROID
FRONT VIEW SIDE VIEW
The e p i g l o t t i s  in  humans is  somewhat v e s t i g i a l ,  and a n a t o m is t s  
a r e  n o t  in  c o m p le t e  ag ree m en t  as t o  t h e  amount o f  m u s cu la r  c o n t r o l  
w h ic h  can be e x e r t e d  on i t .  Small  c u r t a i n - l i k e  membranes c a l l e d  a r y -  
e p i g l o t t i c  f o l d s  e x t e n d  downward f rom i t s  l a t e r a l  edges .
S in c e  t h e  h y o id  a r t i c u l a t e s  w i t h  no o t h e r  bone ,  i t  can be p u l l e d  
upward and downward,  f o r w a r d  and backward by t h e  many muscle  p a i r s  t h a t  
a r e  a t t a c h e d  t o  i t .  The t h y r o i d  c a r t i l a g e  i s  p a r t l y  suspended from  
t h e  h y o id  bone by l i g a m e n t s  and l ig a m e n to u s  membranes.  At i t s  lower
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FIGURE 43 .  
THE HYOID BONE
Minor  horn
M a jo r  horn
SIDE VIEW
horns i t  a r t i c u l a t e s  w i t h  t h e  c r i c o i d  c a r t i l a g e  a t  two p o i n t s ,  and 
t h i s  a r t i c u l a t i o n  a l l o w s  i t  t o  p i v o t  fo r w a r d .  Thus ,  movement o f  t h e  
h y o id  a f f e c t s  t h e  s i z e  and p o s i t i o n  o f  t h e  l a r y n g e a l  c a v i t y .
P r e l i m i n a r y  remarks
Some o f  t h e  X - r a y  t r a c i n g s  show a dual  l i n e  f o r  some p o r t i o n  
o f  t h e  t o n g u e ' s  s u r f a c e .  T h i s  is due s im p ly  t o  a c h a n n e le d  s u r f a c e  
p lu s  a t i l t e d  t o n g u e ,  o r  a t i l t e d  o r  t u r n e d  head.  Most o f t e n  i t  is  
t h e  to ngu e  t h a t  i s  t i l t e d .  When t h i s  c h a n n e l ,  which is c a l l e d  a 
s u l c u s ,  combines w i t h  t h e  t i l t ,  th e  X - r a y  d e t e c t s  two t a n g e n t i a l  
s u r f a c e s .  In a few c a s e s ,  t h e  m a jo r  horns o f  th e  hy o id  a r e  a l s o  
v e r y  t i l t e d .  On ly  when t h i s  t i l t  i s  l a r g e  a r e  t h e  horns shown in 
t h e  t  rac i n g s .
V a r i o u s  s u b j e c t s  b low w i t h  t h e i r  hyo ids  and l a r y n x e s  p u l l e d  
e i t h e r  upward o r  downward from i t s  p o s i t i o n  o f  r e l a x a t i o n .  T h is  is  
a d i f f i c u l t  a d j u s t m e n t  t o  measure p r e c i s e l y  s in c e  r e f e r e n c e  p o i n t s  
such as v e r t e b r a e  a r e  no t  c o n s t a n t  from one person  to  a n o t h e r .  A l s o ,  
a p e r s o n ' s  f r o n t  t o  back  head a n g le  m ight  change s l i g h t l y  f rom n o te
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t o  n o t e .  S t i l l ,  i t  can  be seen t h a t  some h y o id  b o d ie s  a r e  h i g h e r  th a n  
o t h e r s  w i t h  r e f e r e n c e  t o  c e r v i c a l  v e r t e b r a e ,  and t h a t  some s u b j e c t s  
l o w e r  t h e i r  h y o i d  s l i g h t l y  f o r  h i g h e r  n o t e s .  S u b j e c t s  5 ,  7» and 8 have  
t h e  lo w e s t  h y o i d s ,  S u b j e c t  4 t h e  h i g h e s t .
O r a l  c a v i t y  c o m p a r is o n
The s i z e  o f  t h e  o r a l  c a v i t y  can be seen t o  v a r y  g r e a t l y  among 
t h e  d i f f e r e n t  s u b j e c t s .  S u b j e c t s  5 ,  7» and 8 have t h e  l a r g e s t  o r a l  
c a v i t i e s  and S u b j e c t s  3 and 6 have  t h e  s m a l l e s t .  Beyond t h a t ,  t h e r e  
a r e  d i f f e r e n c e s  in  s h a p e .  S u b j e c t  7 p u l l s  t h e  t i p  o f  h i s  tongu e  f a r  
b a c k ,  making a s i z a b l e  chamber  b e h in d  t h e  lo w er  i n c i s o r s .  S u b j e c t s  2 ,
4 ,  and 8 have  t h e i r  t o n g u e  t i p s  in  c o n t a c t  w i t h  t h e  p a r t  o f  t h e  lo w e r  
l i p  t h a t  i s  f o l d e d  o v e r  t h e  lo w e r  t e e t h .
L a r y n g e a l  c a v i t y  c o m p a r is o n
Some v a r i a t i o n  in  t h e  s i z e  and shape o f  t h e  l a r y n g e a l  c a v i t y  is  
e v i d e n t .  Most o f  t h i s  v a r i a n c e  is  due t o  i n d i v i d u a l  d i f f e r e n c e s  and 
t o  t h e  p i v o t i n g  o f  t h e  t h y r o i d  c a r t i l a g e  f o r w a r d  on t h e  r e a r  o f  t h e  
c r i c o i d .  The most v a r i e d  s i z e  by f a r  is  t h a t  o f  S u b j e c t  8 who is  f e ­
m a le ,  and t h e r e f o r e  has a much s m a l l e r  l a r y n x .  T h i s  v a r i a n c e  a lo n e  
would  su g g est  t h a t  i f  t h e  l a r y n g e a l  c a v i t y  has an e f f e c t  on to n a l  spec ­
t r u m ,  t h e  e f f e c t  is  so s l i g h t  t h a t  i t  can be obscured  by a d ju s t m e n t s  
e l s e w h e r e .  No one has re m a rk e d  about  a c h a r a c t e r i s t i c  fe m a le  to n a l  
s p e c t  rum.
E p i g l o t t a l  c o n s t r i c t i o n
The most i n t r i g u i n g  f e a t u r e  shown by t h e  X - r a y s ,  and t h e  c h i e f  
d i s c o v e r y  o f  t h e  e x p e r i m e n t ,  is  t h a t  t h e  p l a y e r s  w i t h  t h e  most t r a i n i n g
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and e x p e r i e n c e  made a c o n s t r i c t i o n  o f  t h e  t h r o a t  passage  w i t h  t h e  e p i ­
g l o t t i s .  T h i s  a c t i o n  i s  c l e a r l y  seen in  t h e  p l a t e s  o f  S u b j e c t s  7 ,  3 ,  
and 2 . ( S u b j e c t  2 p roduced  m a r k e d ly  d i f f e r e n t  s p e c t r a  f rom  S u b j e c t s  
7 and 3 . )  S u b j e c t  5 c o n s t r i c t s  h i s  t h r o a t  passa ge  in  t h i s  manner o n l y  
f o r  h i s  n o t e  F.  A l l  o t h e r  s u b j e c t s  a r e  b e g i n n i n g  t o  open t h e  t h r o a t  
a t  t h i s  n o t e .
P o s s i b i l i t y  o f  o t h e r  c o n s t r i c t i o n
Some s u b j e c t s  ( 4 ,  1 ,  and 5 )  have  a n a r r o w i n g  o f  th e  t h r o a t  p a s ­
sage b e h in d  t h e  base  o f  t h e  to n g u e .  From o b s e r v a t i o n s  o f  m u s cu la r  
i n v o lv e m e n t  in  t h e i r  b l o w in g  and t h e  sm al l  amount o f  e v i d e n c e  in t h e  
X - r a y s ,  t h e  w r i t e r  s u s p e c ts  t h a t  t h e s e  s u b j e c t s  w e re  a t t e m p t i n g  to  fo rm  
a c o n s t r i c t i o n  by u s in g  t h e  base o f  t h e  to n g u e  and p o s s i b l y  c e r t a i n  
o t h e r  m u s c l e s .  T h e r e  a r e  s e v e r a l  m u s c le  p a i r s  w h ic h  c o u l d  c l o s e  o r  
c o n s t r i c t  t h e  o r o - p h a r y n x ,  and in most c a s e s  l a t e r a l  X - r a y  v iews l i k e  
t h e  ones made in  t h i s  e x p e r i m e n t  w ou ld  n o t  show t h e i r  a c t i o n .  One 
such p a i r  i s  t h e  s a l p i n g o p h a r y n g e u s , sm al l  c y l i n d r i c a l  muscles w hich  
c o u r s e  v e r t i c a l l y  on e i t h e r  s i d e  o f  t h e  t h r o a t .  (They form th e  pos­
t e r i o r  P i l l a r s  o f  F a u c e s . )  In  a g a g g in g  a c t i o n ,  th e y  c l o s e  t h e  t h r o a t  
pa ssa ge  f ro m  e i t h e r  s i d e .  O t h e r  m u sc le s  w h ich  can e f f e c t  a c o n s t r i c ­
t i o n  o r  c l o s i n g  a r e  t h e  s u p e r i o r  c o n s t r i c t o r  and p a l a t o g l o s s u s .  These  
and some o t h e r  muscles  p e r f o r m  such f u n c t i o n s  as c l e a r i n g  t h e  t h r o a t ,  
p r o d u c in g  t h e  n o n - g l o t t a l  " h a "  f r i c a t i v e  and even  p r o d u c in g  f l u t e  
v i b r a t o .  M u s c le s  do not  a c t  s i n g l y  and t h e  w h o le  s t r u c t u r e  is v e r y  
c o m p le x ,  b u t  i t  i s  a t  l e a s t  p o s s i b l e  t h a t  some s u b j e c t s  in  th e  e x p e r i ­
ment w ere  u s i n g  some o f  t h e s e  mechanisms in t h e i r  e f f o r t s  to  produce  
d e s i r a b l e  t o n e s .  However ,  t h e  X - r a y  p l a t e s  do no t  show such a c t i o n ,
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and any t h e o r i e s  in  t h i s  a r e a  a r e  p u r e l y  s p e c u l a t i v e .
G e n e r a l  p a t t e r n  o f  a d j u s t m e n t  changes
W h i l e  s u p r a l a r y n g e a l  a d j u s t m e n t s  f o r  t h e  low er  n o te s  v a r i e d  
g r e a t l y ,  t h e r e  was a g e n e r a l  p a t t e r n  o f  changes  o f  a d j u s t m e n t  f rom  
n o t e  t o  n o t e .  The p a t t e r n  o f  changes  was as f o l l o w s :
From F#  t o  A# n o t  much change o c c u r r e d .  The t i p  o f  t h e  tongue  
moved s l i g h t l y  f o r w a r d  w h i l e  t h e  r e a r  and p e rh a p s  mid dorsum moved 
u p w a rd .  The r o o t  o f  t h e  to n g u e  and t h e  e p i g l o t t i s  moved f o r w a r d .  The  
d im e n s io n s  o f  t h e s e  movements w e re  t y p i c a l l y  o n l y  a b o u t  2 m i l l i m e t e r s .
A g a in  r e l a t i v e  t o  F#,  C# a d j u s t m e n t s  l o o k  much th e  same, e x c e p t  
t h a t  t h e  t h r o a t  passage  is  more o p e n .  The d im e n s io n s  o f  t h e  f o r w a r d  
movement o f  p a r t s  w h ich  a r e  t h e  c a u s e  o f  t h i s  o p e n in g  were  u s u a l l y  3 
o r  k mm. The h y o id  m ig h t  be h i g h e r  in  a d d i t i o n  t o  b e in g  more f o r w a r d .
For F,  t h e  l a r g e s t  changes t o o k  p l a c e  in  t h e  r e a r  dorsum, r o o t  
o f  t o n g u e ,  h y o i d ,  and e p i g l o t t i s .  T h i s  w h o le  s t r u c t u r e  moved fo r w a r d  
k t o  6 mm. f r o m  t h e  low F# p o s i t i o n .  The s t r u c t u r e  a l s o  moved upward  
s l i g h t l y ,  and t h e  mid dorsum is  g e n e r a l l y  h i g h e r .  S u b j e c t s  7 ,  5 ,  and 
3 s t i l l  showed some e p i g l o t t a l  c o n s t r i c t i o n .
F i n a l l y  f o r  h ig h  D,  t h e  r e a r  dorsum and r o o t  o f  t h e  tongue  
moved f o r w a r d  a t o t a l  o f  p e rh a p s  10 mm. The f r o n t  dorsum had no s t r o n g  
p a t t e r n  o f  a d j u s t m e n t s .  A l l  s u b j e c t s  showed t h i s  p a t t e r n  o f  moving t h e  
to n g u e  w e l l  f o r w a r d  f o r  t h e  D and t o  some e x t e n t  th e  top  l i n e  F.  These  
c hang es  w e re  o b s e rv e d  by A n f in s o n  and Mooney.
A t y p i c a l  a d j u s t m e n t  changes
In t h e  f o l l o w i n g  c a s e s ,  a d j u s t m e n t s  w ere  made which  a r e  c o u n t e r
t o  t h e  g e n e r a l  t r e n d .
S u b j e c t  4  moved t h e  lo w e r  r o o t  o f  h i s  to n g u e  r e a r w a r d  a p p r o x i ­
m a t e l y  2 mm. when c h a n g in g  f ro m  F# to  A# .  He d i d  n o t  c o n s t r i c t  w i t h  
t h e  e p i g l o t t i s ,  b u t  t h e  X - r a y s  show him h a v in g  t h e  s m a l l e s t  passage  
b e h i n d  t h e  u p p e r  r o o t  o f  t h e  t o n g u e .  The C# a d j u s t m e n t  o f  S u b j e c t  4
i s  much changed f ro m  h i s  F# s e t t i n g .  H is  r e a r  dorsum i s  8  mm. h i g h e r
f o r  C# and h i s  r o o t ,  h y o i d ,  t h y r o i d ,  and e p i g l o t t i s  a r e  a l l  4  t o  6 mm. 
h i g h e r .  For t h e  n o t e  F ,  t h e s e  p a r t s  a r e  down a g a i n .
S u b j e c t  6 moved much o f  h i s  to n g u e  downward a b o u t  3 rnm. as he
p l a y e d  t h e  second and t h i r d  n o t e s .
S u b j e c t  7 moved t h e  t i p  o f  h i s  e p i g l o t t i s  r e a r w a r d  a b o u t  2 mm.
f o r  At r e l a t i v e  t o  h i s  s e t t i n g  f o r  low F# .  He seems t o  s t r e t c h  i t  so
t h a t  i t  r e a c h e s  a b i t  h i g h e r .
S u b j e c t  5 made l a r g e r  changes th a n  anyone e l s e ,  and somet imes
t h e y  w e r e  in  t h e  o p p o s i t e  d i r e c t i o n .  f t  is  shown t h a t  he made a co n ­
s t r i c t i o n  w i t h  h i s  e p i g l o t t i s  on o n l y  one n o t e .  One wou ld  d o u b t  t h a t  
a l l  o f  h i s  a d j u s t m e n t s  in  t h e  X - r a y  room w ere  t h e  same as th o s e  he 
made in t h e  a n e c h o i c  cham ber .
CHAPTER V
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
R e c a p i t u l a t i n g  b r i e f l y ,  C h a p t e r  I I I  e s t a b l i s h e d  t h a t  a l t h o u g h  
t h e r e  w ere  l a r g e  d i f f e r e n c e s ,  c e r t a i n  s u b j e c t s  had f a i r l y  s i m i l a r  
s p e c t r a  f o r  t h e  l o w e s t  t h r e e  o r  f o u r  n o t e s .  The s p e c t r a  o f  S u b j e c t s  
7 , 3 , and a t  t i m e s  h w e r e  s i m i l a r  t o  each o t h e r  and more b r i l l i a n t  
th a n  t h e  g ro u p  a v e r a g e .  The s p e c t r a  o f  S u b j e c t s  2 ,  8 , and 6 had s i m i ­
l a r i t i e s  and w e re  on t h e  d u l l e r  s i d e .  In C h a p t e r  IV  i t  was shown 
t h a t  t h e  most e x p e r i e n c e d  s u b j e c t s  c o n s t r i c t e d  t h e  t h r o a t  pa ss age  
w i t h  t h e  t i p  o f  t h e  e p i g l o t t i s  f o r  a t  l e a s t  t h e  f i r s t  t h r e e  n o t e s .
The p o s s i b i l i t y  was s u g g e s te d  t h a t  S u b j e c t s  k, 1 ,  and 5 w ere  n a r r o w i n g  
t h e  t h r o a t  in  some o t h e r  way.  S u b j e c t s  6 and 8 gave no i n d i c a t i o n  
t h a t  th e y  w ere  r e s t r i c t i n g  t h e i r  a i r  passageways.
A number o f  q u e s t i o n s  a r e ,  t h e r e f o r e ,  posed:
1 .  Is  a c o n s t r i c t i o n  n e c e s s a r y  t o  o b t a i n  a q u a l i t y  tone?
2 .  What e f f e c t  does a c o n s t r i c t i o n  have on t o n a l  spectrum?
3 .  How do v a r i a t i o n s  in  c a v i t y  s i z e s  and shapes r e l a t e  t o  t o n a l  
s p e c t  rum?
k. F i n a l l y ,  w hat  f a c t o r s  a c c o u n t  f o r  th e  c l e a r  d i f f e r e n c e s  in 
sp ec tru m  among t h e  e i g h t  s u b j e c t s ?
T h r e e  t h e o r i e s
A t  l e a s t  t h r e e  t h e o r i e s  can be f o r m u l a t e d  and e xa m in e d .  One
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i s  t h a t  t h e  c o n s t r i c t i o n  e x i s t s  t o  r e g u l a t e  t h e  f l o w  o f  a i r  i n t o  t h e  
i n s t r u m e n t  more p r e c i s e l y  and d e l i c a t e l y  th a n  can be done w i t h  t h e  
b r e a t h i n g  m u s c le s  a l o n e .  I f  t h e  c o n s t r i c t i o n  has a c o n t r o l  f u n c t i o n ,  
th e n  any m o d i f i c a t i o n  o f  t h e  s p e c t ru m  would  be an i n d i r e c t  r e s u l t .
T h i s  w o u ld  l e a v e  open t h e  w h o le  q u e s t i o n  o f  how d i f f e r e n t  p e o p l e  u s in g  
t h e  same e q u ip m e n t  can p r o d u c e  v e r y  d i f f e r e n t  s p e c t r a .
A second t h e o r y  i s  t h a t  a c o n s t r i c t i o n  in t h e  t h r o a t  forms c a v i ­
t i e s ,  w h ic h  a r e  r e s o n a t i n g  c h am b e rs .  These  chambers c o u ld  r e s o n a t e  
c e r t a i n  f r e q u e n c y  bands o f  t h e  c l a r i n e t  to n e  in  t h e  same way t h a t  th e y  
r e s o n a t e  f r e q u e n c y  bands in  t h e  g l o t t a l  o u t p u t  t o  fo rm vowel sounds in  
sp ee ch .
A t h i r d  t h e o r y  i s  s im p l y  t h a t  t h r o a t  c o n s t r i c t i o n  is  r e l a t e d  t o  
t o n a l  b r i l l i a n c e .  How i t  a c h i e v e s  t h i s  e f f e c t  is  n o t  c o n s i d e r e d .
B ackground
To e x a m in e  t h e s e  t h e o r i e s ,  some n e c e s s a r y  background i n f o r m a t i o n  
must be c o n s i d e r e d .  Then t h e  r e l e v a n t  e v i d e n c e  can be p r e s e n t e d  and 
di  s cu s s ed .
F i r s t ,  i t  i s  n e c e s s a r y  t o  compare t h e  d im en s io n s  o f  t h e  t h r o a t  
c o n s t r i c t i o n  w i t h  t h a t  o f  t h e  m o u t h p ie c e  o p e n in g .  The X - r a y  p l a t e s  show 
in  s i d e  v ie w  t h e  t i p  o f  t h e  e p i g l o t t i s  and t h e  a p p r o x im a t e  c e n t e r  o f  t h e  
p o s t e r i o r  p h a r y n g e a l  w a l l .  A t y p i c a l  e p i g l o t t i s  t i p  has a s l i g h t  inward  
c u r v e  (See F i g .  hi) , b u t  i t s  a n g l e  w i t h  t h e  p h a ry n g e a l  w a l l  i s  so a c u t e  
t h a t  i t s  r e a r m o s t  s u r f a c e  wou ld  a p p e a r  as a f a i r l y  s t r a i g h t  l i n e  when 
v ie w e d  f ro m  a b o v e .  The p h a r y n x  in  t h i s  a r e a  is  r o u g h ly  o v o i d ,  t h e r e ­
f o r e  t h e  shape o f  t h e  o p e n in g  as v iew ed  f ro m  above is  p r o b a b l y  much 
w i d e r  th a n  i t s  f r o n t  t o  back  d im e n s i o n .  The c l o s e s t  f r o n t  t o  back  
d im e n s io n  p h o to g r a p h e d  in  t h e  e x p e r i m e n t  was a p p r o x i m a t e l y  2 mm. An
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o p e n i n g  o f  t h i s  d im e n s io n  means t h a t  even t h e  s m a l l e s t  c o n s t r i c t i o n s  
w e r e  c o n s i d e r a b l y  l a r g e r  th a n  t h e  e f f e c t i v e  reed  o p e n in g  a t  t h e  m outh -  
p i e c e .
An id e a  o f  t h e  e f f e c t i v e  c r o s s - s e c t i o n  a r e a  o f  t h e  re e d  o p e n in g  
c an  be o b t a i n e d  f rom  t h e  f o l l o w i n g  rough c a l c u l a t i o n .  The m o u th p ie c e  
t i p  r a i l  i s  11 mm. lo n g .  The two s i d e  r a i l  o p e n in g s  t a p e r  downward t o  
n o t h i n g  o v e r  a l e n g t h  o f  ab o u t  5 mm., t h e r e f o r e ,  5 mm. m ig h t  be c o n s i d ­
e r e d  t o  be t h e  e f f e c t i v e  l e n g t h  o f  t h e s e  two o p e n i n g s .  T h u s ,  t h e  t o t a l  
l e n g t h  wou ld  be a b o u t  16 mm. An a v e r a g e  t i p  r a i l  o p e n in g  i s  1 .1  mm.
The  p r e s s u r e  o f  t h e  l i p  c l o s e s  t h i s  d im e n s io n  by A3 p e r c e n t  and t h e  
re e d  is  open f o r  57 p e r c e n t  o f  each c y c l e . ^  The e f f e c t i v e  c r o s s -  
s e c t i o n  a r e a ,  t h e r e f o r e ,  i s  a p p r o x i m a t e l y  5 . 7  s q u a re  m i l l i m e t e r s .  
D i s c o u n t i n g  any bo u n d ary  l a y e r  e f f e c t s ,  a round a p e r t u r e  o f  2 . 7  mm. 
d i a m e t e r  would  a l l o w  t h e  same a i r  f l o w  a t  t h e  same p r e s s u r e  d i f f e r e n ­
t i a l .
Speech vowel sounds a r e  t h e  r e s u l t  o f  r e i n f o r c e m e n t  o f  s e v e r a l  
v a r y i n g  f r e q u e n c y  bands in  t h e  o u t p u t  o f  t h e  voca l  f o l d s .  T h i s  g l o t ­
t a l  o u t p u t  c o n t a i n s  many f r e q u e n c i e s  ( r e s e m b l i n g  a s a w to o th  w a v e f o r m ) .
The  to n g u e  n a r ro w s  t h e  pa ss age  a t  some p o i n t  t o  fo rm two c a v i t i e s .
The d im e n s io n s  o f  t h i s  n a r r o w i n g  v a r y ,  as does t h e  l i p  o p e n i n g .  The  
s o f t  p a l a t e  may open in  sp ee c h ,  f o r m i n g  a t h i r d  c a v i t y  in  t h e  na sa l  
r e g i o n .  T h i s  c h a i n  o f  c a v i t i e s  o f  v a r y i n g  s i z e s ,  w i t h  v a r y i n g  o r i f i c e s  
and l e n g t h  o f  n a r ro w e d  t h r o a t  tu b e  between them,  forms two s t r o n g  
r e s o n a n c e  bands ( f o r m a n t s )  and two bands o f  l e s s e r  s t r e n g t h  and h i g h e r
d . C o p p e n b a r g e r , "An I n v e s t i g a t i o n  o f ‘ t h e  V i b r a t i n g  C l a r i ­
n e t  Reed U t i l i z i n g  H ig h  Speed C in e m a t o g r a p h y "  ( u n p u b l i s h e d  D .M .A .  
t h e s i s ,  U n i v e r s i t y  o f  M i s s o u r i - K a n s a s  C i t y ,  1 9 7 0 ) ,  pp.  7 1 - 7 A .
99
f r e q u e n c y .  The e a r  i d e n t i f i e s  t h e  r e s u l t a n t  s p e c t r a  as vowel sounds.
T he  a c t i o n  o f  t h e  c a v i t i e s  is  e s s e n t i a l l y  t h e  same as t h a t  o f  
H e l m h o l t z  R e s o n a t o r s ,  and is  s u b j e c t  t o  t h e  same la w s .  F requen cy  
v a r i e s  w i t h  t h e  s i z e  o f  t h e  o r i f i c e  b u t  i n v e r s e l y  w i t h  t h e  volume o f  
t h e  c a v i t y  and t h e  l e n g t h  o f  t h e  n eck .  The s h a rp n e s s  and s t r e n g t h  o f  
t h e  r e s o n a n c e  (d a m p in g )  a r e  f a c t o r s  o f  h a rd n e s s  o f  t h e  c a v i t y  w a l l  ma­
t e r i a l  and i t s  s h a p e .  C e n t r a l  f r e q u e n c i e s  o f  t h e  two s t r o n g  fo rm a n ts  
i n  m a le  speech  ra n g e  f ro m  a b o u t  230 H e r t z  t o  2100  H e r t z .  T h i s  range  
c o v e r s  t h e  f i r s t  n i n e  o v e r t o n e s  o f  t h e  c l a r i n e t  low A # .
E v i d e n c e  f ro m  t h e  e x p e r i m e n t  t h a t  p e r t a i n s  t o  each o f  t h e  t h r e e  
t h e o r i e s  can now be e v a l u a t e d .
A i r  f l o w  r e g u l a t i o n  t h e o r y
I t  was seen t h a t  even  t h e  most c l o s e d  e p i g l o t t a l  o p e n in g  had 
a c r o s s - s e c t i o n a l  a r e a  a t  l e a s t  s e v e r a l  t im e s  l a r g e r  th a n  t h e  e f f e c ­
t i v e  re ed  o p e n i n g ,  and f u r t h e r  t h a t  t h e  t h r o a t  opens much more f o r  
n o t e s  above t h e  s t a f f .  Even though h ig h  n o t e s  r e q u i r e  somewhat more 
a i r ,  t h e  s i z e  o f  t h e  o p e n in g  a t  any p o i n t  in  t h e  ra nge  would  c a s t  
some d o u b t  on i t s  e f f e c t i v e n e s s  as a r e g u l a t o r  o f  a i r  f l o w  o r  p r e s s u r e  
t o  t h e  m o u t h p i e c e .  In  a d d i t i o n ,  S u b j e c t s  8 and 6 gave  no i n d i c a t i o n  
t h a t  t h e y  w e r e  r e s t r i c t i n g  anywhere  in  t h e  t h r o a t .  They  b o th  p l a y  t h e  
c l a r i n e t  q u i t e  w e l l .  T h e r e f o r e ,  u n l e s s  t h e y  a r e  c o n s t r i c t i n g  w i t h  th e  
g l o t t i s ,  as has been d i s c o v e r e d  in th e  case  o f  b lo w in g  s o f t  tones  on 
t h e  t rom bone  and F re n ch  h o r n , 1^ th e n  r e g u l a t i o n  o f  t h e  a i r  f l o w  must 
n o t  be n e c e s s a r y .  P e rh a p s  an X - r a y  s tu d y  w h ic h  o b s e r v e s  s u b j e c t s
^ W i l l i a m  C a r t e r ,  "The  Ro le  o f  t h e  G l o t t i s  in Brass  P l a y i n g , "  
Thp i n s t r u m e n t a l i s t ,  2 1 ,  (December,  1 9 6 6 ) ,  7 5 - 7 9 .
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b l o w in g  s o f t  and lo u d  would  h e l p  answer t h i s  q u e s t i o n .
C a v i t y  r e s o n a n c e  t h e o r y
S u b j e c t s  3 and 7 r e p r e s e n t  t h e  two e x t r e m e s  in  o r a l  c a v i t y  s i z e .  
The r a t i o  o f  t h e i r  o r a l  c a v i t y  s i z e s  a p p e a r s  t o  be a b o u t  one t o  t h r e e .  
Y e t ,  t h e  s p e c t r a  and p i t c h  l e v e l s  o f  t h e s e  two advanced p l a y e r s  a r e  t h e  
most s i m i l a r  o f  a l l .  The s p e c t r a  o f  t h e i r  A # ' s  a r e  a lm o s t  i d e n t i c a l .  
O b t a i n i n g  t h e s e  v e r y  s i m i l a r  s p e c t r a  w i t h  such v a s t l y  d i s s i m i l a r  o r a l  
c a v i t i e s  w o u ld  a l o n e  seem t o  i n d i c a t e  t h a t  t h e  e f f e c t  o f  t h e  o r a l  c a v ­
i t y  on t o n a l  s p e c t r u m  c a n n o t  be g r e a t .  S u b j e c t  3 a p p e a r s  t o  have  a 
l a r g e r  o r i f i c e  a t  t h e  e p i g l o t t i s  th a n  does S u b j e c t  7 .  A l a r g e r  o r i f i c e  
r a i s e s  t h e  r e s o n a n t  f r e q u e n c y  o f  a c a v i t y ,  and a s m a l l e r  c a v i t y  would  
r e s o n a t e  h i g h e r  f r e q u e n c i e s .  The two s u b j e c t s  a r e  a l i k e  in  t h a t  t h e y  
used t h e  e p i g l o t t i s  (and p o s s i b l y  so m e th in g  e l s e  t h a t  t h e  X - r a y  d id  
n o t  show) and had low p i t c h  l e v e l s .
I t  was shown t h a t  S u b j e c t  2 made a change o n l y  in  h i s  o r a l  c a v ­
i t y  f o r  A# .  Compared t o  h i s  a d j u s t m e n t  f o r  t h e  f i r s t  n o t e ,  h i s  e n t i r e  
to n g u e  r o o t ,  e p i g l o t t i s  bo d y ,  and t h y r o i d  s t r u c t u r e  moved f o r w a r d  and 
upward s e v e r a l  m i l l i m e t e r s .  The t i p  o f  t h e  e p i g l o t t i s ,  h o w e v e r ,  r e ­
mained v e r y  c l o s e  t o  t h e  r e a r  p h a r y n g e a l  w a l l .  T h u s ,  h i s  c o n s t r i c t i o n  
re m a in e d  v i r t u a l l y  t h e  same, b u t  h i s  o r a l  c a v i t y  became somewhat  
s m a l l e r .  W hereas  h i s  s p e c t r a  f o r  F# a r e  f a i r l y  d u l l  as compared t o  
t h e  w h o le  g r o u p ,  h i s  A# s p e c t r a  a r e  d u l l e r  y e t .  T h e r e  is  t h e  sugges­
t i o n  t h a t  as  t h e  o r a l  c a v i t y  g o t  s m a l l e r  t h e  to n e  became d u l l e r .
S u b j e c t  4  shaped h i s  tongue  dorsum much l i k e  S u b j e c t  2 .  The  
t i p  o f  t h e  to n g u e  to u c h e d  t h e  f o l d e d - o v e r  lo w er  l i p .  The main d i f f e r ­
ence  be tw een  t h e i r  i n t e r i o r  a d ju s t m e n t s  i s  t h a t  S u b j e c t  4 d i d  n o t  use  
t h e  e p i g l o t t i s  b u t  n a r row e d  t h e  t h r o a t  w i t h  t h e  r o o t  o f  t h e  t o n g u e .
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V e t ,  S u b j e c t  2 ' s  s p e c t r a  a r e  among t h e  d u l l e s t  w h i l e  S u b j e c t  *+'s a r e  
t h e  most b r i 11 i a n t .
I t  was shown t h a t  a l l  s u b j e c t s  open t h e  a i r  p assage  f o r  h ig h  D.  
T h i s  may f u r n i s h  a n e g a t i v e  c o r r o b o r a t i o n  o f  t h e  c a v i t y  r e s o n a n c e  
t h e o r y .  T h e r e  a r e  no s t r o n g  re so n a n c es  in  m a le  speech above 220 0  H z . ,  
and most re s o n a n c es  o c c u r  b e lo w  1200 Hz.  W i t h  t h e  reduced  l i p  o p e n in g  
r e s u l t i n g  f ro m  b l o w in g  t h e  c l a r i n e t ,  some resonances  w o u ld  be l o w e r .
The  second p a r t i a l  o f  t h e  c l a r i n e t  h ig h  D is  a p p r o x i m a t e l y  209*+ Hz.  
T h e r e f o r e ,  i f  t h e  o v e r t o n e s  o f  t h e  n o t e  a r e  t o o  h ig h  t o  r e s o n a t e ,  t h e n  
t h e r e  is  no need t o  fo r m  r e s o n a t i n g  c a v i t i e s .
T h r o a t  c o n s t r i c t i o n  t h e o r y
We saw t h a t  S u b j e c t s  3 and 7 produced  v e r y  s i m i l a r  and f a i r l y  
b r i g h t  s p e c t r a  w i t h  v e r y  d i f f e r e n t  o r a l  c a v i t y  s i z e s .  What t h e s e  sub­
j e c t s  have in  common is  t h a t  t h e y  bo th  make a c o n s t r i c t i o n  w i t h  t h e  
e p i g l o t t i s .  S u b j e c t  7 g e n e r a l l y  c o n s t r i c t s  a b i t  more,  and in  p l a y i n g  
two o f  t h e  n o t e s ,  he a l s o  has t h e  r o o t  o f  h i s  tongue  c l o s e  t o  t h e  r e a r  
pha r y n g e a 1 w a 11 .
S u b j e c t  2 shows t h e  c l o s e s t  e p i g l o t t a l  c o n s t r i c t i o n  as compared  
t o  any o f  t h e  o t h e r  s u b j e c t s  on t h e  n o t e s  F# and A#.  On F# he a l s o  
na rrows  t h e  a i r  p a ss a g e  w i t h  t h e  r o o t  o f  h i s  to n g u e .  A l l  o f  t h e  o t h e r  
s u b j e c t s  who made t h r o a t  c o n s t r i c t i o n s  had s p e c t r a  t h a t  w e re  b r i g h t e r  
th a n  t h e  group a v e r a g e .  I f  t h e r e  is  a r e l a t i o n  between c o n s t r i c t i o n  
and b r i l l i a n c e ,  th e n  p e rh a p s  S u b j e c t  2 c o n s t r i c t e d  too  much.
S u b j e c t  *+ c lo s e d  h i s  t h r o a t  p a ssage  w i t h  h i s  to ngue  even more  
f o r  low A# t h a n  he had f o r  F#.  H is  /W s p e c t r a  a r e  d e f i n i t e l y  b r i g h t e r  
| n r e l a t i o n  t o  th o s e  o f  t h e  o t h e r  s u b j e c t s  th a n  a r e  h i s  F# s p e c t r a .
No o t h e r  s i g n i f i c a n t  a d j u s t m e n t  changes a p p ea r  on th e  X - r a y  f o r  t h i s
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n o t e ,  b u t  i t  was seen in  C h a p t e r  IV  t h a t  h i s  changes  o f  a d ju s t m e n t  were  
somet im es  f a i r l y  l a r g e  and n o t  in  a c o n s i s t e n t  p a t t e r n .  For top l i n e  
F h i s  t h r o a t  was open w i d e ,  and t h i s  was h i s  d u l l e s t  n o t e .  In a d d i t i o n ,  
f o r  F he shaped t h e  dorsum o f  h i s  to n g u e  much t h e  same as S u b j e c t  3 d i d .  
S u b j e c t  3 had some e p i g l o t t a l  c o n s t r i c t i o n  and a b r i g h t e r  th an  a v e ra g e  
t o n e .
The n a r r o w i n g  o f  t h e  a i r  passageway t h a t  S u b j e c t  k a c c o m p l is h e d  
w i t h  t h e  r o o t  o f  h i s  to n g u e  u s u a l l y  a p p e a rs  l a r g e r  in  s id e  v ie w  th a n  
t h e  e p i g l o t t i s  o p e n in g s  made by s e v e r a l  o f  t h e  p l a y e r s .  S u b j e c t  ^ ' s  
o p e n in g s  w e re  on t h e  o r d e r  o f  4  t o  7 m i l l i m e t e r s  f r o n t  t o  b a ck ,  w h i l e  
t h e  o t h e r s  in  q u e s t i o n  w e r e  f r o m  2 t o  5 mm. The p o s s i b i l i t y  o f  o t h e r  
m u s c le  a c t i o n  has been m e n t i o n e d .  One c a n n o t  say t h a t  t h i s  s u b j e c t  
a c t u a l l y  made n a r r o w  t h r o a t  c o n s t r i c t i o n s ,  b u t  on n o tes  where  he ap ­
p e a r s  t o  have  n a r ro w e d  m o re ,  h i s  to n e  was b r i g h t e r .
The two s u b j e c t s  w i t h  t h e  l a r g e s t  t h r o a t  t u b e s ,  S u b j e c t s  6 and 
8 , had t h e  l e a s t  b r i l l i a n t  s p e c t r a ,  e s p e c i a l l y  in  p a r t i a l s  above th e  
n i n t h .  S u b j e c t  8 p roduc ed  t h e  h i g h e s t  p i t c h  l e v e l s ,  b u t  S u b j e c t  6 was 
n e a r  t h e  median p i t c h .
On t h e  one n o t e  in  w h ic h  S u b j e c t  5 c l o s e d  h i s  e p i g l o t t i s ,  th e  
n o t e  F ,  h i s  s p e c t r a  a r e  t h e  most b r i l l i a n t  o f  a l l .  However ,  h i s  to n e  
was so u n s t a b l e  t h a t  i t  w o u ld  be d a n g e ro u s  to  t r y  t o  draw any i n f e r ­
en ces  f rom  i t .  He may n o t  have c l o s e d  h i s  e p i g l o t t i s  in th e  a n ec h o ic  
c h a m b e r .
Summary o f  d a t a  r e g a r d i n g  t h e  t h r e e  t h e o r i e s
The e v i d e n c e  c o n t a i n s  some weak s u p p o r t  o f  th e  c a v i t y  resonance  
t h e o r y  b u t  some s t r o n g e r  r e f u t a t i o n s  o f  i t .  The a i r  f l o w  r e g u l a t i o n  
t h e o r y  is  c a s t  in  c o n s i d e r a b l e  d o u b t .  The c o n s t r i c t i o n  t h e o r y  has
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s e v e r a l  a rg u m e n ts  in  i t s  f a v o r  and p r o b a b l y  one a g a i n s t  i t - - t h e  f a c t  
t h a t  S u b j e c t  2 has t h e  c l o s e s t  c o n s t r i c t i o n  and a d u l l  t o n e .  T h u s ,  
t h e  e v i d e n c e  p o i n t s  to w a r d  t h e  c o n s t r i c t i o n  t h e o r y  to  some d e g r e e ,  bu t  
much more p r o o f  wou ld  be r e q u i r e d  f o r  a d e f i n i t e  s t a t e m e n t .
Summary o f  e x p e r i m e n t a l  f i n d i n g s
The s p e c t r a l  a n a l y s e s  show c l e a r l y  t h a t  d i f f e r e n t  c l a r i n e t i s t s  
do p ro d u c e  v e r y  d i s s i m i l a r  t o n a l  s p e c t r a  u s i n g  t h e  e x a c t  same e q u i p ­
m e n t .
The t h r e e  most e x p e r i e n c e d  p l a y e r s  in  t h e  group o f  e i g h t  used  
t h e i r  e p i g l o t t i s e s  t o  g r e a t l y  n a r r o w  t h e  o r o - p h a r y n x .
T h e r e  i s  a s u g g e s t i o n  o f  a r e l a t i o n  between t h r o a t ,  c o n s t r i c t i o n  
and t o n a l  b r i l l i a n c e ,  b u t  t h e  r e l a t i o n  i s  i n c o n c l u s i v e .
T h i s  i s  t h e  f i r s t  known e x p e r i m e n t  o f  i t s  k in d  i n v o l v i n g  t h e  
c l a r i n e t  w h ic h  v ie w s  t h e  e n t i r e  s u p r a g l o t t a l  a r e a .  I t  e l i m i n a t e s  be ­
yond a r e a s o n a b l e  doubt  any s u p p o s i t i o n  t h a t  t h e  l a r y n g e a l  c a v i t y  i s  
a d e t e r m i n i n g  f a c t o r  in  t o n a l  s p e c t r u m .  I t  a l s o  c a s t s  d oubt  on t h e  
i m p o r t a n c e  o f  t h e  o r a l  c a v i t y  in t h i s  same f u n c t i o n .
The r e s u l t s  f ro m  t h e  e x p e r i m e n t  show t h a t  t h e r e  is  more d i v e r ­
gence  in  t h e  manner in  w h ic h  p l a y e r s  p ro d u c e  h ig h  D th a n  any o f  th e  
o t h e r  n o t e s .  Y e t ,  t h r o a t  f o r m a t i o n s  w e re  more s i m i l a r  f o r  t h i s  n o t e  
t h a n  f o r  t h e  o t h e r  o n e s .  .
A n o t h e r  a s p e c t  may be i m p o r t a n t .  W h i l e  th e  s p e c t r a  made f rom  
t h e  a v e r a g e  o f  a l l  t h e  s u b j e c t s  c a n n o t  be r e g a rd e d  as i d e a l ,  t h e  
s p e c t r a  o f  S u b j e c t  7 re s e m b le  them r a t h e r  c l o s e l y ,  e x c e p t  t h a t  p a r t i a l s  
a r e  c o n s i s t e n t l y  s t r o n g e r .  S t a t e d  a n o t h e r  way,  S u b j e c t  7 p roduced  
fe w  i n d i v i d u a l  p a r t i a l s  w h ic h  d e p a r t e d  s i g n i f i c a n t l y  f rom  th o s e  in  
t h e  group a v e r a g e  s p e c t r a .  ( S u b j e c t  3 shows t h i s  t r e n d  a l s o  b u t  t o
10*t
a ' e s s e r  d e g r e e . )  T h i s  c o u l d  mean t h a t  S u b j e c t  7 i s  somehow l e s s  e r ­
r a t i c  in  h i s  to n e  p r o d u c t i o n ,  w h ich  t h e  e a r  h e a r s  as b e t t e r  t o n e .  T h i s  
i n v o l v e s  us in  t h e  q u e s t i o n  o f  how i m p o r t a n t  is  s p e c t ru m  in  t h e  p e r c e p ­
t i o n  o f  t o n e .
S u g g e s t e d  r e s e a r c h
Some o f  t h e  q u e s t i o n s  posed by t h i s  e x p e r i m e n t  need more p r e c i s e  
i n f o r m a t i o n  in  c e r t a i n  a r e a s  f o r  t h e i r  a n s w e rs .  The w r i t e r  f e e l s  t h a t  
t h e  f o l l o w i n g  two s t u d i e s  m i g h t  f u r n i s h  some o f  t h e  needed i n f o r m a t i o n .
To o b t a i n  b e t t e r  p i c t u r e s  o f  t h e  c o n s t r i c t i o n  a t  o r  above t h e  
e p i g l o t t i s ,  an X - r a y  t e c h n i q u e  known as L a m in a g ra p h y  c o u l d  be used .  
L a m in a g ra p h y  ( o r  P l a n i g r a p h y )  i s  a t e c h n i q u e  w h e r e i n  t h e  X - r a y  tu b e  
and t h e  p h o t o g r a p h i c  p l a t e  a r e  moved in o p p o s i t e  d i r e c t i o n s  a lo n g  c i r ­
c u l a r  l i n e s  w h ic h  a r e  b o th  c e n t e r e d  on t h e  o b j e c t  b e in g  p h o t o g r a p h e d .
T h i s  p r o c e s s  b l u r s  by movement a l l  p a r t s  o f  t h e  o b j e c t  t h a t  a r e  n o t  
c l o s e  t o  t h e  a x i s  o f  r o t a t i o n ,  and re n d e rs  o b j e c t s  a t  t h e  a x i s  v e r y  
c l e a r l y .  The  v e r t i c a l  o r o - p h a r y n x  is  w e l l  s u i t e d  t o  t h i s  t e c h n i q u e .
F i n a l l y ,  an X - r a y  s t u d y  o f  c l a r i n e t i s t s  who c o n s t r i c t  w i t h  th e  
e p i g l o t t i s  c o u l d  e a s i l y  d e t e r m i n e  i f  t h e  c o n s t r i c t i o n  v a r i e s  as t h e  
p l a y e r s  b low  s o f t  and lo u d .  I f  a l l  s u b j e c t s  v a r i e d  t h e  o p e n in g  th e  
same way on s e v e r a l  d i f f e r e n t  n o t e s ,  th e n  t h e  e p i g l o t t a l  o p e n in g  is  
p r o b a b l y  a r e g u l a t o r  o f  a i r  f l o w .  I f  t o n a l  a n a l y s e s  a r e  made as p a r t  
o f  t h e  e x p e r i m e n t ,  t h e  r e l a t i o n  between c o n s t r i c t i o n  and t o n a l  b r i l l i ­
a n c e  c o u l d  be f u r t h e r  e x p l o r e d .
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APPENDIX 
FOURRIER ANALYSIS OF A SAMPLED 
PERIODIC WAVEFORM
I t  has long been known t h a t  any f i n i t e ,  p e r i o d i c  c o n t in u o u s  
w a v e fo rm  can be r e p r e s e n t e d  m a t h e m a t i c a l l y  ( o r  s y n t h e s i z e d  p h y s i c a l l y )  
by an i n f i n i t e  sum o f  s in e  a n d / o r  c o s i n e  waves o f  p r o p e r l y  chosen  
m a g n i t u d e s .  T h i s  f a c t  may be e x p r e s s e d  m a t h e m a t i c a l l y  as:
co
x ( t )  = ^  [  A^cos (nwpt ) + B^sin  (nwflt )  ]
n=0
t + T
2  ^  
T ^  
t




and \  x ( t )  s in  (nwtft )  d t
2 it
and vi0 = — —  -  ZTTt
Here  T is  t h e  p e r i o d  o f  t h e  w ave fo rm ,  and f r e q u e n c y ,  f ,  i s  t h e  r e c i p -
1 j - U
r o c a l  o f  t h e  p e r i o d ,  ( — ) .  Note  t h a t  t h e  i —  te rm  in th e  s e r i e s
X. I*
(A^cos ( iWpt) + B;,sin ( lw„t ) )  r e p r e s e n t s  t h e  i —  p a r t i a l  in t h e  h a r ­
monic  s t r u c t u r e  o f  t h e  w av e form .  In t h i s  cas e  th e  t o t a l  m agn i tude  
o f  t h e  i —  p a r t i a l  wou ld  be \ j  A? + B? ; s i n c e  t h e  A; and B̂  terms
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a r e  in  q u a d r a t u r e  (9 0 oo u t  o f  t i m e  phase) th e y  must be combined by 
P y t h a g o r a s '  T heorem .
T h u s ,  i f  t h e  w a v e fo rm  x ( t )  is  e x a c t l y  known, a lo n g  w i t h  t h e  
p e r i o d  T ,  t h e  m a g n i tu d e  o f  each o f  t h e  p a r t i a l s  may be e x a c t l y  d e t e r ­
m ined .  H o w eve r ,  i t  i s  n o t  g e n e r a l l y  p o s s i b l e  t o  W r i t e  an e x a c t  m athe ­
m a t i c a l  e x p r e s s i o n  f o r  x ( t ) ,  so o t h e r  means must be used.
Ampl i  t u d e  X.2
x;
A most u s e f u l  method o f  a p p r o x i m a t i n g  a w aveform  is  by samp 1 i ng
i t  a t  r e g u l a r  i n t e r v a l s  as shown in  t h e  s k e t c h .  Here  xL , x2 , x 3 . . .
x^ . . .  Xjg r e p r e s e n t  t h e  samples o f  x ( t ) ,  and t h e r e  a r e  N t o t a l  sam­
p l e s .  The s p a c in g  between each sample is  seconds and t h e  sam­
p l i n g  r a t e  is  N f  samples p e r  second.  N y q u i s t ' s  Theorem a s s u re s  t h a t
i f  t h e  sample r a t e  is  e qua l  t o  t w i c e  t h e  f r e q u e n c y  o f  th e  h i g h e s t  
p a r t i a l  r e p r e s e n t e d  in t h e  w av e form ,  a l l  o f  t h e  i n f o r m a t i o n  ( i . e .  
harm onic  s t r u c t u r e  and a m p l i t u d e )  w i l l  be p r e s e r v e d .
To use t h i s  method t o  a n a l y z e  m u s ic a l  tones  i t  is  n e c e s s a ry  to  
make a r e c o r d  o f  t h e  w av e fo rm .  A p h o to graph  w i l l  s u f f i c e  f o r  t h i s  
p u r p o s e .  By s u p e r im p o s in g  one c y c l e  o f  t h e  waveform on to  a c a l i b r a ­
te d  g r i d ,  measurements  may be ta k e n  a t  any t im e  i n t e r v a l  d e s i r e d .
I f ,  f o r  e x a m p le ,  i t  i s  d e s i r e d  t o  examine t h e  f i r s t  te n  p a r t i a l s ,  
N y q u i s t ' s  Theorem r e q u i r e s  t h a t  a t  l e a s t  tw e n ty  sample measurements  
be made o v e r  one c o m p le t e  c y c l e  o f  t h e  waveform .  The m agni tude  o f
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t h e  t h i r d  p a r t i a l ,  f o r  e x a m p le ,  w i l l  th e n  be:
P» =  N / a *  +  b|
Once a l l  t h e  m a g n i tu d e s  o f  t h e  p a r t i a l s  have been d e t e r m i n e d ,  t h e y  
may be e x p r e s s e d  in  d e c i b e l s ,  w i t h  t h e  m a g n i tu d e  o f  t h e  f i r s t  p a r t i a l  
as t h e  z e r o  r e f e r e n c e ,  as shown below:
P, JD = 20 lo g  -----3 dB 3 - f *
A graph may th e n  be p l o t t e d ,  showing t h e  r e l a t i v e  m a g n i tu d e s  o f  t h e  
p a r t i  a l  s.
VITA
W i ld o n  John S h i n n ,  J r .  was born in  F r a n k l i n ,  L o u i s i a n a ,  on 
O c t o b e r  1 2 ,  1 9 3 3 .  He and h i s  w i f e  p r e s e n t l y  r e s i d e  in  T h i b o d a u x ,
Lou i s i a n a .
He c o m p le t e d  h i s  e l e m e n t a r y  and h i g h  school  e d u c a t i o n  in  
F r a n k l i n ,  L o u i s i a n a .  In 1956  he g r a d u a t e d  f ro m  L o u i s i a n a  S t a t e  
U n i v e r s i t y  w i t h  a B a c h e l o r  o f  Mus ic  d e g r e e  in  C l a r i n e t ,  h a v i n g  s t u d i e d  
t h e  c l a r i n e t  w i t h  Mr.  Pau l D i r k s m e y e r .  He e n t e r e d  t h e  U n i t e d  S t a t e s  
Army a f t e r  g r a d u a t i o n  and p l a y e d  c l a r i n e t  w i t h  an army band in  Germany.
Upon d i s c h a r g e  f ro m  t h e  armed s e r v i c e s ,  he began h i s  g r a d u a t e  
s c h o o l i n g .  In 1 9 6 0 ,  he r e c e i v e d  t h e  M a s t e r  o f  M us ic  d e g r e e ,  Woodwind  
S p e c i a l i s t ,  a t  M i c h i g a n  S t a t e  U n i v e r s i t y  in  L a n s i n g ,  M i c h i g a n .  He 
s t u d i e d  c l a r i n e t  t h e r e  w i t h  M r .  K e i t h  S t e i n .  From 1961 t o  1 9 6 9 ,  
he t a u g h t  i n s t r u m e n t a l  music  in  F r a n k l i n ,  L o u i s i a n a .
In 1 97 0 ,  he j o i n e d  t h e  f a c u l t y  a t  N i c h o l l s  S t a t e  U n i v e r s i t y  
in  T h i b o d a u x ,  L o u i s i a n a ,  w h e re  he is  p r e s e n t l y  A s s i s t a n t  P r o f e s s o r  
o f  M u s ic .  He has c o n d u c te d  i n s t r u m e n t a l  ensembles  and c h u r c h  c h o i r s ,  
has p r e s e n t e d  r e c i t a l s ,  and has p e r fo r m e d  in  symphony o r c h e s t r a s  and 
chamber g roups .
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